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HEURISTIC ALGORITHMS FOR SOLVING TWO DIMENSIONAL
LOADING PROBLEMS

/ ABSTRACT

THE LOADING PROBLEM INVOLVES THE ALLOCATION OF 'N' BOXES, EACH HAVING
A SPECIFIC LENGTH, WIDTH AND HEIGHT, TO A PALLET OF SPECIFIC DIMEN-
SIONS. MUCH WORK HAS BEEN DONE ON SOLVING THE MANY SPECIAL CASES OF
THIS PROBLEM WHERE ALL BOXES ARE OF THE SAME RECTANGULAR SIZE AND/OR
ITH THE RESTRICTION THAT THE EDGE OF THE RECTANGLES FOLLOW A
GUILLOTINE CUT"'-FROM ONE EDGE OF THE PALLET TO THE OTHER; THE TWO

DIMENSIONAL CUTTING STOCK PROBLEM. HOWEVER, THE GENERALIZED F'ROB'LEM
OF DIFFERENT SIZED BOXES BECOMES VERY DIFFICULT TO SOLVE. A COMMON
PROBLEM FOR THE U.S. AIR FORCE IS THE TRANSPORTATION OF EoUIPMENT IN
A LARGE NUMBER OF BOXES, EACH OF DIFI".RENT SIZES. THESE BOXES WOULD
BE LOADED ONTO PALLETS FOR SUBSEQUENT PLACEMENT ON TRANSPORT AIRCRAFT.
GENERATING T1-E METHODS AND INSTRUCTIONS FOR LOADING THE PALLETS IS
ROUTINELY ACCOMPLISHED MANUALLY AND t'RELYS HEAVILY ON THE EXPERIENCE
OF THE TRANSPORT.TION PERSONNEL TO DETERMINE LOADING PATTERNS THAT
WILL PRODUCE GOOD PALLET USAGE. THEREFORE, UTILIZING A COMPFUTER TO
GENERATE THE LOADING PROCEDURE WOULD BE OF CONSIDERABLE PRACTICAL
BENIFIT IN REDUCING LOADING TIME. THIS REPORT PRESENTS SEVERAL
HEURISTRIC ALGORITHMS FOR SOLVING LARGE TWO DIMENSIONAL LOADING
PROBLEMS. THE OBJECTIVE OF THE ALGORITHMS IS TO MAXIMIZE THE RATIO
OF AREA USED TO THE TOTAL PALLET AREA, THE PROCEDURES EMPLOY
DYNAMIC PROGRAMMING AND A 'STACKING PROCEDURE's-FOR POSITIONING BOXES
ON THE PALLET. A TOTAL OF FIVE ALGORITHMS ARE USED, EACH HAVING A
DIFFERENT PALLET TO BOX ORIENTATION AND USING VARIOUS COMBINATIONS OF
ThE 'STACKING P OCEDURE. SOLUTIONS TO ALL FIVE ALGORITHMS ARE COM.--
PARED TO FIND TIRE BEST SOLUTION BASED ON TOTAL. LOADED AREA. THE
ALGORITHMS ALSO OROVIDE TIHE COORDINATES OF TIlE LOADED BOXES ON THE
PALLET TO ASSIST IN THE ACTUAL POSITIONING OF THE ITEMS,.

a' . . .. " " . "- " " ' . " . °, "- - " "



PROBLEM

1. CONSIDER THE FOLLOWjING PROBLEM;
ALLOCATE A SET OF ON' DOXES, EACH HAVING A SPECIFIED
LENGTH, WIDTH AND HEIGHT, TO A PALLET OF LENGTH "Le
AND WIDTH "W*'

FACTORS BEARING ON THE PROBLEM.

2. THE STATED PROBLEM CONSISTS OF FINDING T-E BEST LOADING
PATTERN OF *No BOXES WHICH YIELDS .AN EFFICIENT UTILIZATION OF
THE PALLET. THE APPROACH TAKEN TO SOLVE THIS -PROBLEM WAS TO
DEVELOP A SERIES OF HEURISTIC ALGORITHMS, EACH OF WHICH
VARY THE LOADING PATTERN OF THE BOXES AND TI-EN-SELECT TI-lE
BEST SOLUTION.

SINCE THESE HEURISTICS ARE ESSENTIALLY A TRIAL AND ERROR
PROCEDURE THEIR FORMULAS BECOME VERY LABORIOUS AND TIME CON-.
SUMING TO IMPLEMENT. THUS, DEVi:.LOPMENT OF COMPUTER CODES TO
SIMULATE THE LOADING ALGORITHMS E:ECOMES A NECESSITY, FOR T-iIS
PROBLEM FORTRAN LANGUAGE WAS USED TO DEVELOP T14E CODES, ON A
PDP-11/34.

*. ASSUMPTIONS

* 3. TO OBTAIN INITIAL SOLUTIONSP SEVERAL IMPORTANT
ASSUMPTIONS WERE MADE WHICH CONSIDERAE:LY SIMP'LIFIED T.IE
OVERALL PROBLEM. MANY OF THESE ASSUMPTIONS HAVE BEEN, OR
WILL DE ADDRESSED IN OTHER ALGORITHMS WHICH CAN BE USED IN
CONJUNCTION WITH THE SOLUTIONS PRESENTED HERE,

(A) TIlE ORIENTATION OF EACH DOXY IN TERMS OF ITS LENCTHY
WIDTH AND HEIGHT HAS BEEN FIXED PRIOR TO ATTEMPTING
TO L( t' THE BOX ONTO TIHE PALLET.

* (B) ALL I'OXES WILL BE CONSIDERED IN A "TIIS.--END-UP"
ORIENTATION WITH THE HEIGHT DIMENSION CONSIDERED
TO BE 'UP'*

(C) THE WEIGHT OF THE BOXES WILL NOT BE CONSIr.ER.E.
WHEN POSITIONING THEM ON THE PALLET.

(D) A BOX MUST ONLY BE POSITIONED WITll ITS LENGTh] OR
WIDTH PARALLEL TO T14E LENGTH OF THE PALLET(SEE
FIG. 1).

(E) THE SET OF BOXES CONSIDERED FOR LOADING AT ANY
ONE TIME WILL BE LIMITED TO NO MORE THAN 30.

THE FIRST TWO ASSUMPTIONS RESTRICTS THE SOLUTION TO USING
ONLY THE LENGTH AND WIDTII OF THE BOXES WIHEN ASSIGNING TIIEM
TO POSITIONS ON THE FALLET (SEE FIG. 2).

THE THIRD ASSUMPTION ELIMINATES THE REOUIREME:NT rOR CONSIr:ER.

1
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ING WEIGHT STABILITY IN ANY SOLUTION.

FINALLY, THE LAST ASSUMPTION IS DASED ON AN EXAMINATION OF THE
COMPLETE DATA SET CONTAINING THE DIMENSIONS OF ALL POSIE..
BOXES THAT COULD BE LOADED ON THE PALLET AND ON THE PALLET SIZE
OF 104 INCHES IN I-ENGTH AND 84 INCHES IN WIDTH.

CRITERIA

4, THERE ARE OF COURSE SEVERAL STANDARDS BY W HIC11 TIlE ALG,,I %*' ",IMS
CAN BE EVALUATED TO DIETERMINE THE OPTIMAL LOADIN ROUTINE ,,,I.L.VEr ,,

IN LIGHT OF TIE ASSU,'MPTIONS THAT WERE MIADEt TfIlE OE'VIOUS CRITERI -

WOULD BE FIRST, TIE TOTAL PALLET AREA USED, AND SECIONDLY, THE
NUMBER OF BOXES LOADED.

DISCUSSION

5, IN DEVELOPING THESE SOLUTION ALGORITfS0 TI-E UNDERLI"'r'r' I , G% ,"'..N '
WAS TO SIMULATE THE ACTUAL STEPS THAT WOULD BE TAKEN BY AN
INDIVIDUAL WHO WAS FACED. WITH OF LOAD:ING A PALLET WIITFI^.L "E • l ,I" TeOTA L Ae'EA USCE',

_ 'N' BOXES SO AS TO MAXIMIZE To- TTA AA "

FACED WITH THIIS PROBLEM AND GIVEN THE ASSUMPTIONS- 1REST--NTED IN
PARA* 3, AN INDIVIDUAL COULD CHOOSE FROM SEVERAL DIFFERENT r, R Q tAuEs

IN ATTEMPTING TO ACII,EVE AN ACCEPTADLE LOAD. LOADING FIZO, TIHE
PERIMETER INWARD IS ONE POSSIBILITY. ALSO, DIVIDING T.I[ PALLET ArEA
INTO SMALLER SECTION AND LOADING EACH OF THE SECTIONS COULD :E TRIED.
HOWEVER, THE PROCEDURE FOLLOWED IN TIIE PROPOSED SOLUTIONS IS
WI-AT CAN BE TERMED THE *STACKING ALGORITIhII'i' TI-IS "STACKING
ALGORITHM* WOULD TYPICALLY PROCEED IN TIE FOLLOWING MIANNER.

INITIAL LOAD

STL["(1): SELECT EITHER THE LENGTH OR WIDTH OF T1E PALLET
AS THE 'STARTING SIDE' TO BEGIN LOADING THE BOXES.
THAT IS, THE PALLET WOULD BE ORIENTATED EITIER LENGTH--
WISE OR WIDTH-WISE (SEE FIG. 3),

STEP(2): SELECT A REFERENCE OR STARTING FOINI', SAY THE
UPPER LEFT HAND CORNER. T4IS IS WHERE TIlE FIR:ST DOX WILL BE
POSITIONED (SEE FIG. 3).

STEP(3): THEN FROM A SET OF NO MORE TIIAN 30 EOXES,
ATTEMPT TO LOAD AS MANY BOXES ALONG THE "STARTING
SIDE', BEGINNING WITH THE UPPER LEFT CORNER OF TIHE
FIRST BOX COINCIDING WITH THE PALLET REFERENCE
POINT. ALL BOXES WOULD BE ORIENTATED EITHER WITH
ITS LENGTH PARALLEL OR PERPENDICULAR TO THE STARTING
SIDE OF THE PALLET (SEE FIG. 4). THlIS BOX ORIENTATION
WILL BE MAINTAINED FOR ALL REMAINING LOADS,

4. , .'2 -' -. '. -'. -_, .w.'.'-.'.'...,.,e ' ' ,'LL' w -,¢ --.
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STEP(4): THE LOADING OF BOXES WOULD CONTINUE UNTIL
NO MORE BOXES WILL FIT IN THE REMAINING SPACE, 'S', ALONG
THE "STARTING SIDE'.

STEP(5): EVERY COMBINATION OF BOXES WOULD BE TRIED
SO AS TO MINIMIZE THE REMAINING SPACE, 'S'. TIHE OPT-
IMAL COMBINATION OF DBOXES WOULD THEN BE CHOOSEN AS THE
INITIAL LOAD.

AT THIS POINT ONE MUST REALIZE THAT TilE INITIAL LOADING
PATTERN JUST FOUND DOES NOT CONSIDER THE SECOND
DIMENSION OF THE BOXES BEING LOADED. THEREFORE IT, WILL
DEPEND GREATLY OH THE DISTRIBUTION OF THE LENGTHS AND WIDTHS
OF THE SET OF BOXES TO BE LOADED, AS TO WHETHER THE INITIAL
LOAD IS "UNIFORM* OR "UNEVEN*.

LET US EXAMINE THE MEANING OF AN 'UNIFORM' OR 'UNEVEN" LOAD,
AND THE EFFECT EACH HAS ON THE REMAINING BOXES LOADED.

AS AN EXAMPLE, CONSIDER THE SET OF 30 BOXES THAT HAVE ONLY TWO
DIFFERENT BOX LENGTHS AND WIDTHS (SEE COL. At FIG. 5). AN INITIAL
LOADING PATTERN, WITH THE BOX LENGTH PARALLEL TO TIlE *START-
ING SIDE', WILL LOOK LIKE FIGURE 6. THIS LOAD WILL HAVE A
VERY 'UNIFORM* APPEARENCE BECAUSE OF THE SIMILAR BOX WIDTHS.
THAT IS, THE BOXES WOULD NOT PRODUCE A 'STEP' PATTERN.

NOW COMPARE THE LOAD IN FIGURE 6 TO THE INITIAL LOAD CREATED BY
THE SET OF 30 BOXES SHOWN IN COL. By, FIGURE is, WERE T1E RANGE OF
LENGTHS AND WIDTHS IS VERY LARGE. THIS LOAD PRESENTS A VERY
OUNEVEN, PATTERN BECAUSE OF THE DIFFERENT BOX WIDTHS (SEE FIG. 7).
THIS DIFFERENCE IN INITIAL LOAD PATTERNS WILL DICTATE THE
REMAINING LOADING PROCEDURE.

LET'S FIRST TAKE A LOOK AT THE CASE WHERE THERE WAS AN
"UNEVEN" PATTERN TO THE INITIAL LOAD. THE LOADING OF. THIE
REMAINING BOXES WOULD CONTINUE AS FOLLOWS.

UNEVEN INITIAL LOAD

STEP(6): BEGINNING WITH THE FIRST BOX IN THE INITIAL LOAD,
BOXES ARE POSITIONED ALONG THE UNDERSIDE OF THIS BOX IN ONE
OF TWO METHODS;

(A) BY THE PROCEDURE DESCRIBED IN THE INITIAL LOADING SECTION,
STEPS (1) Tf).RU (5)v WITH THE LENGTH or THE UNDERSIDE 017 THIS
FIRST TOX TAbING THE PLACE OF THE PALLETS STARTING SIDE
(SEE ' 8"

(B) FROM , 7 RL AINING BOXES CHOOSE THE LONCEST(OR IF THE
BOX WID".s ORIENTATION IS USED, THE WIDEST) BOX THAT WILL.
FIT UNDER THE FIRST BOX IN THE INITIAL LOAD. IF THERE IS
STILL SPACE REMAINING AFTER THIS BOX IS POSITIONED THEN
SELECT THIE NEXT LONGEST(CR WIDEST) BOX THAT WILL FIT IN

7



LENGTH WIDTH LENGTH WIDT14

99 52 34 20
97 25 34 20
78 5 34 20
68 33 34 20
60 33 34 20
67 33 34 20
67 34 34 20
67 34 34 20
62 6 34 20
60 30 34 20
57 33 34 20
43 19 34 20
43 19 34 20
43 19 34 20
40 4 34 20
33 33 34. 20
37 21 34 20
37 21 34 20

36 3 f30 1
35 35 30 10
33 27 30 i
31 20 30 Is
31 16 30 131 17 30 is
30 24 30 i
27 24 30 10
21 21 30 10
20 10 30 10
20 19 30 1

8 4 30 10

COL. A COL. E

FIGURE 5
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THIS SPACE (SEE FIG. 9).

STEP(7): THE PROCE;URE IN STEP(6), EITHER (A) OR (B) WOULD
THEN BE REPEATED FOR EACIl BOX OF THE SECOND LOAD AND FORf
EACH SUBSEQUENT LOAD PROCEDING DOWN THE SIDE OF THE PALLETUNTIL NO FURTHER BOXES CAN BE LOADED,

STEP(8): ONCE THE COMPLETED SECOND LOAD IS IN POSITIONs- THE
THIRD LOAD WILL BEGIN UNDER THE SECOND BOX OF TlHE INITIAL
LOAD* THE SAIIE PROCEDURE CHOOSEN IN STEP(6) WILL BE USED.

WHAT STEPS (6) THRU (8) ARE DOING IS "STACKING" SUCESSIVE BOXES
UNDER EACH OTHE>. HENCE THE NAME 'STACKING ALGORITHM'# THIS STACKINGPROCEDURE WILL CONTINUE UNTIL ALL BOXES ARE USED OR NO MORE BOXES

WILL FIT IN THE REMAINING SPACE OF THE PALLET.-

NOW CONSIDER THE 'UNIFORM" INITIAL LOAD. HERE AN INTER-
MEDIATE STEP CAN BE PERFORMED, BEFORE THE "STACKING' BEGINS.

UNIFORM INITIAL LOAD*

STEP(6')* THIS INTERMEDATE STEP IS TO REPEAT STEPS (1) THRU
(5) USING THE REMAINING UNLOADED BOXES WITH THE PALLET STARTING
SIDE' LENGTH REPLACED BY THE SUM OF THE LENGTHS(OR WIDTHS) OF
THE BOXES IN THE INITIAL. LOAD (SEE FIG1O),

-i IF THIS SECOND LOAD ALSO HAS A UNIFORM" PATTERN
THE PROCEDURE IS REPEATED. HOWEVER, IF THE SECONDLOAD IS
"UNEVEN" THEN STEPS(6) THRU (8) ARE IMMEDIATELY FOLLOWED.

UNIFORM LOAD ASSUMPTION

AN IMPORTANT MODIFICATION OF THE ABOVE PROCEDURE MUST NOW
BE INVESTIGATED.

WHEN CONSIDERING THE STEPS TO FOLLOW WHEN CONSTRUCTING THE
SE( .9ND LOAD, OR ANY SUBSEQUENT LOAD, EXAMINATION OF A RESULTING
"UNEVENO LOAD MUST BE CONDUCTED* CAN TI:IS "UNEVEN" PATTERN BE

ASSUMED TO BE A OUNIFORMs LOAD? THIS DETERMINATION WILL DE HIGHLY
SUBJECTIVE. FOR EXAMPLEP IF AN INITIAL LOAD PATTERN HAS BOX
WIDTH DIFFERENCES OF NO MORE THAN SAY 4 INCHES BETWEEN ANY
TWO BOXES THE LOAD COULD BE CONSIDERED 'UNIFORM'* ON THE OTHEIR
HAND, THE REQUIREMENT MAY BE SET AT NO MORE THAN 2 INCHES. FOR
THIS PROBLEM ASSUME A 4 INCH DIFFERENTIAL IS REQUIRED.

AS AN EXAMPLE, CONSIDER THE INITIAL LOAD SHOWN IN FIGURE 11.
THERE ARE 3 BOXE'S WITH VARIOUS WIDTHS, AN UNEVEN LOAD. EXAMINATION

OF THESE WIDTHS INDICATES THAT THE DIFFERENCE BETWEEN ANY
TWO BOX WIDTHS IS LESS THAN 4 INCHES. IN THIS CASE AN IMAGINARY
LINE CAN BE DRAWN CREATING AN OUNIFORM' LOADING PATTERN (DASIIED
LINE). NOW INSTEAD OF IMMIDIATELY PROCEDIHG TO STEF(6) WHER [
"STACKING" DEGINSv STEPS(1) Tr<U (5) CAN BE REPEAED IIT1:

12
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THE E'ASHED LINE TAKING TH1 PLACE OF THE PALLET STARTING SIDE.
THAT IS, STEP(6') CAN BE USED BEFORE THE 'STACKIN3 STEPS.
THIS PROCEDURE CAN ALSO BE APPLIED TO ANY SUBSEQUENT LOAD,

ALSO, THIS PROCEDURE CAN BE EXTENDED TO PORTIONS OF A P'ARTIC-..
ULAR LOAD. IF AN INTERMIDIATE LOAD APPEARS AS IN FIGURE 12
'BOX A' AND 'BOX B' COULD BE CONSIDEf;REl) AS ONE BOX
WITH A COMO:INED LENGTH OF X+Y. THIS IS BECAUSE THE DIFFERENCE
IN 11OX WIDTHS IS LESS THAN 4 INCHES, HOWEVER, 'BOX C' CAN NOT
BE INCLUDED IN THIS COMBINATION BLCAUSE ITS WIDTH IS MUCH SMALLER
THAN 'BOX B'.

THE IMPORTANT POINT TO REMEMBER IS THAT BECAUSE THE UNUSED
SPACE ABOVE TIIIS IMAGINARY LINE WILL BE WASTED'PALLET SPACE,
IT IS CRITICAL TO DETERM-INE THE BEST BOX DIFFERENCE TO USE
IN DETERMINING IF A *UNIFORM* PATTERN CAN BE ASSUMED, AGAIN
THIS SELECTION IS "VERY" SUBJECTIVE. ANALYSIS OF T-IE DIMEN--
SIONS OF THE AVAILABLE BOXES MAY GIVE SOME INSIGHT INTO THE
PROPER DIFFERENTIAL REOUIRED TO ENSURE A MINIMUM OF UNUSED
PALLET AREA.

COMPUTER MODEL

6 AL..THOUGH THE GENERAL. PROCEDURE JUST DESCRIBED IS FAIRLY
STRAIGHT FORWARD, WHEN ATTEMPTED MANUALLY, THERE CAN BE A
CONSIDERABLE AMOUNT OF WORK INVOLVED IN FINDING THE BEST
*FINAL' LOADING PATTERN.

THE COMPUTER CODES FOR THE HEURISTIC ALGORITHMS ARE DIVIDrGE
INTO TWO CLASSES. BOTH CLASSES BASICALLY %Rr _S,ONDE TO TIlE LOAEING
PROCEDURE OUTLINED IN PARA, 5. T--E ONLY DIFFERENCE BETWEEN
TIIE TWO IS THAT THE FIRST CLASS OF CODES USES THE STACKING F'RO--
CEDURE DESCRI:ED IN STEP (6)(A), WHERE AS THE SECOND USES TII
METHOD OF STEP(6)(B) * BOTH USE THE "UNIFORM LOAD" ASSUMPTION
PROCEDURE.

ALSO, WITH THE FIRST TYPE OF PROCEDLIRE. THERE ARE FOUR
DIFFERENT CODES, CALLED "MODULES* EACH MODULE USES A DIFF-
ERENT PALLET-BOX ORIENTATION. THESE FOUR MODULE ORIENTA-
TIONS ARE;

(A) PALLET LENGTI PARALLEL TO BOX WIDTH,
(D) PALLET WIDTH PARALLEL TO BOX WIDTH,
(C) PALLET WIDTH PARALLEL TO BOX LENGTH, AND
(D) PALLET LENGTH PARALLEL TO BOX LENGTH,

SEE FIGURE 13 FOR A GRAPHICAL REr'ESENTATION OF THESE
FOUR ORIENTATIONS,

THE SEC OND CLASS OF FROCEDURES CONTAINS ONLY ONE BASIC
CODE, WERE TIlE PALLET LENGTi IS PARALLEL TO THE DOX LENGT11.

,HOWV[R, TiS SECOIND CLAS, OF F,-,OCrUI,,'. COULD VE EXTN 'rDED
TO INCLUDE ALL FOUR ORIENTATIONS, BUT WAS NOT ATTEMPTED
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IN THIS SOLUTION.

NOW LET US LOOK AT THE ACTUAL COMPUTEI-% CODES.

EACII OF THE FIVE HEURISTICS ARE CONTAIN--: IN THlE FIVE
MODULESCOR SUDROUTIoNES) OF THE MIAIN R:ORAM IS 'r.-ALE LOI
ROUTIN.- (PL.0na THESE FIV MODLE Cji~r ccSIC~T ~ or cr-r

r:Aic JDRUTIES.'EDSO THAT THE P[ROPER LOADING
ALGORITHM I. ACIEED THlE FOLLOWING IS A. LIS'S OF TH-E FIVE
MODULESP THE SUBROUTINES CONTAINED IN EACIl AND T14E. CLASS IT
B~ELONGS TOO,

MODULE N"tIE SUBEROUT INEC1 USED C L 4SO)-

9.~- LIt4FITtN4.wLSTpPILE2A,"r r 1.

tIAST2D LNI~ELTrL2~t~

M A ST2C LxtFIT gNEWLST,PILE2-%PSQ(v. 1

fi. ST'2D LINFITiNEWLST;PPILE2D#tSORT1

HIAS3A LINFIstNEWLS TRERtPIL'r-o ASORT2

ECrOFTHE tlO3DIULES ACRE W111 THE l' DER. OF AT:j1 Ej~~~A.z!0
-j

v "A J.Lre ._r.L a I( FNh.J ~ I ' sl L fA- RIrA "I\Lfl . Il A L
USED TI L EUR TH 03TA gRE I DY EaC tMlS~ sv i1 lvO ASLE.

orR rrr A .L .LI -w. LE

1-1USS -E L ,I rt
14 FALE LTHI E ~OTI L r)CfE M7

eL FS LE MAIN0 SETIVER OF THERlo N "ETAI TP 7-. ~
~I7 Ti A IvE ODL ES ~ A A V~T~ _. Aj~~ ip

ALSO rigEP I LiC A. THE I ODU A. r, T 1 11 P ,3T
LOADED A"A. TH TOLLOWN IS A: LINE . I-,L~ iECrTO

*6~~~~~~ N' rr r .r. T 6:rir II "-a SOrr. -e
A" DEARE 1LL VrAE..E AND. Ll '- - .1 0*%v..1 u
ril RE ER E TO BY NAM ..-- TI L, 11- L. 9Ai .r-- r '.

PA L A r T5tlaJP, O%-N r T .P C O T ~\II L. ILi i.,riL.I~.

P L OR IN' IE AY AN.RIVE WILL I- E'k!1 r EAITO F R SUDI1 C I N'T '

LOA111""DAREAS LIE FOLWN 'SAL-N -

g-' E(~ "%,m rAA ST I PC I R Ig"ASI 1iIHE ONL 0 FTr.- ANE .r ;.

OF ~ ~ ~ ~ ~ ~ ~ ~ ~~~r% I-l AOE Tr. E: ODD ALE iIN :A/ SAtI ISA

LOGCA UNIT 11DE T1. f 1
TH Sl4E.O L ".64 T I NS. ,NECEArW lvL

C4F.V
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LI NE 3 'o:* LOGIL L UINIT 5- IS SS T' 'T 16' oR T:*L- TE.*1 1 40,CIA-9 1
DE.ING UJSED A.Y THE re FTEPJC"i.TEOUNTOFT

WPGA LI LL. E:E: Z f"Ir DIP A.- ON THIS -6~a 1, 11 TS ASS % I IET
CAN. t BE C All r- . T Va.? A lIIJ ltrI r *r- -1. ~. a I rr- r.Cra'a Ea~. naua..~ a., lk'LJ~a rL'c ofa. Ia _.j .a. t.. D

THE USER~.

L IN E '%4 %: E .-a f--Jra.r.a. . A S S LC)I a"-.'ES LOGI C A L 1 3, 1T 'it. IE,
"rI ALL.-C CM J.l *S... ,' r. L A -TH ~OMTTEDP DIRECT ACCE'S FILE I..16

ox4IE % 9 I NTIAL12E S ',fZEAl TO ZERO. TEVAFR.T:LE t 'AEA'

WILL EVENTUALLYl COoNTAIN TlHE LARGEST, AREA CAr.Cr rY wAN

LINES(L) THRU (17) CON 1,4TAI N THE Cr RLIOD OPO

LIE6:IS T 14E 'rio0 ST AT E MET. AS TI:lE IN 1.E Xy Ji IS Ii C 17zE m I c
10i Ml I TO 0 ALL STA EM NT a''~-"Wul' TH17 aam ar a ~ t:j r-w TH .. C IY l'afr,

a T MTIS A 1LLOWS THE F'RO'GRAM TO0 RUN T:-1 R OUG- I ALL FIVE
MO0DU L ES.1

LAL Ij * . ~-A. .: a I *~JS .aa. FFR.M CO IA. UIT ~ 1. S:-lat. OFt DOX"2Lit It--
1' CAT~-T A1 F.QTal VAC.TAra-.ltThSVLi-I..'L ~ raD r' A. N - VL 91 A I -hi*LL 1" a o-1 V11L

air II~~ I T T AI Tt Aa*A I T r% - 7r-. t-% -r I' T r Caia 17r*.rr-a -r
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f'.a..~~~~~~~~~~~~~~ a r.aa' Es A.. I~r IIa~I.L *a Cft, s u...
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raI r, Ca.r'', -- T- M. I- D I% S -CA- 1r Ar f

M0O.-ULE DEPENa.1ING la ON THE L~aaa.I r - 10 0lioc
04ara a: Art aaa V AU OF 'N' ANDv rl a'%-.Erl A-s.. TH aa...EN Ci~J~ FLaf
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dlA/ T I Ar-fA I IS a-' ~ a aa V~i IT IL' ' E 0

~~~~ , a. .- ,Z . rEr' TON /Nr.rAa-AL
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MO, L.L" THIAT ARE C LLE,-, PLR' , R,-.- . • _, . r,

TWO CLASSES or MOr:IULE;, CLASS I AND CLASS 2, SINCE ALL
FOUR, CLASS 1 MODULES FOLLOW THE SAME ,,OC.U,.., WITH OIL,
C[INCH..S IN THE PALLET-DOX ORIENTATION OINL.Y I DDULE 'IST2A
WILL D. ESI . I ED IN VETATL. DISCUSSION Of- THE
THREE CLASS 1 MODULES WILL CONSISl OF POINTING OUT TIHE.
DIFFERENCES R._rT,, TO EACH ARI'ICULlR PLLT.0O-..,T,.,I

tODULE 5, 'MAS'T3A', WILL THEN DC DISUS" iI"F-'p '"I LI .....S', IN r'-:ET,. !L*

[B3 MODULE MAST2A

MODULE "MAST2A' IS CALLED UPON TO LOAD 'N. DOMES ONTO
A PALLET WITH' LENGTH = 104 INCHES AND WIDTH = --4 ICHE ,'Sl.#

LINE(1): THIS IS THE MODULE NAME AND THE ARGUME.NTS 'N' AND
'AREA'. WHEN 'MAST2A' IS CALLED :Y 'PLR', 'N" AND •AREA •

ARE ASSIGNED THE VALUES EYIVEN 1IN 'PLR.I

LINE(2): ESTABLISH.S ALL VARIAB4LEc3 AS INTEGER.

LINE(3): THtIS DIMENSION STATEMENT DCL-ARES THE I- IIE y R S
* TO BE A MAXIMUM OF 30 LOCATIONS. R EME. MR,- NO MR,'. .,,,..

BOXES CAN BE LOADED AT ONE TIME. TE A1,%,., ARE E., ,'AL L
DIVIDED INTO SETS OF TWO# FOR EXAMPLE, ', ... LEN* -,) AND'
DOXWTHl(*) R."E, TO THE LENGTH AND WIDTH OF OL or THE DOXV.S
CONTAINED IN THOSE TWO AI;RRAYJ.-) TfIE EXCEPTION I'TI , IS
THE ARRAY 'COOR' W"HICH' WILL CONTAIN THE COO, CIN-. o "AC,.I
LOX THAT IS LOADED.

LINE(4): TIE DATA STATEMENT INITIAL-ES S,-R..)L S I t.....L E Ell

AND ARRAYS TO ZERO.

LINE(5) 'POINT' IS INITIALIZEI WITH THE ,AU 101.
TIIS INITIAL VALUE OF POINT IS THE 0RDI",- cr I I ,I
PALLET 'REFERE;NCE POINT'. THIS 'REFERENCE POINT' IS .,
LOCATED IN TIE UPPER LEFT 1HAND CORNE.R OF TIE PAL.LET.
ALSO, THIS VARIADLE IS USED TO KEEP TAC, D) THU f'OUTIfrt

" OF EACH OF THE .Ov ES AS TECY ARE LOADED ON THIE '^ ,.rT
THE 'REFERENCE POINT' VALUE, 101, IS LASED ON THE -,., I,.,"'I,.. 4t,_,. ON TI, C ,,, ..
SYSTEM SHOWN IN FIGURE 14. TIHE LAST TWo NI',.R1- OF-
'POINT' IS TIlE Y-COORDINATE MEASURr-.],D IN INCHE" ,. D-N -- "',
THE 'REFERENCE POINT'. THE FIRST THI'E"- NT1'.: I .POINT
IS TIE THE X-COORDINATE MEACURED, IN INCll,_S, TO T,, RIG',iT OF
THE REFERENCE POINT, FOR EXAMPLE, THE PALLET 'REERL!CE
rOIN'' IS 101t SO THIS POINT IS EXACTLY THE UFPER LEFT 140r)
CORNEP*: OF TIE PALLET.

L INE6) AND (7):* THIS DO LOOP WILL fZEAD IINTO Ar: Ay, 'DL' fitt
'DW' THE LENGTI-S AND WIDTHS OF TIlE 'N' BOXES.

. LIHE (): THE SU.ROUTINE 'VCT' IS CALLED. TI, 'R"UL"T A' L
THE ARRAYS 'rTLGCI', WITH ALL EL -ENTS ..L,,_,, T,
THE NUM:ER 30.
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POINT - ..- ... COORDI4ATE

(101)

* X COORDINATE
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}X PALLET :

P*PALLET COORDINATE SYSTEM
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WHEN T1IE SUBROUTINE RETURNS, TIlE ARR"Y 'D' WiLL
BE UNCHANGED. DUT 'iF:TLCII' WILL. CONI'AIN A SET OF POINTERS
THAT WILL ALLOW SORTING OF THE ARRAY 'DL' IN DESCE0D IING
VALUES OF LENGTH, 'STLG11' WILL HAVE THE VALUE OF) HE BOX
LENGTIH IN 'DL' FROM WHICH.I TI.:[ ARRAY 'PILGH' WILL START
ITS SoRiF.

LINE(9): SETS 'M' EQUAL TO 'STLCH'•

LINE(10) THRU (15): THIS SECOND DO LOOP NOW MAKES USE OF
THE POINTER ARRAY 'PTLGI.I' TO SORT "I:L', IN TiHe FOLLOWING
MANNER;

STARTING WITH THE DOX LENGTH1 IDENTIFIED DY 'DL(MI) "

THIS VALUE IS COPIED INTO 'DOXLEN(10' AND 'A.L.(1)' "IERL 'K' I ,
THE INDEX OF THE DO LOOP, ALSO, 'DW(M)' IS COPIED INTO
'DOXWTH(K)" AND 'ZtN()',

NEXT, THE VALUE OF '' IS CHANGED TO THE PO1NTER
VALUE ASSOCIATED WITH 'L(IL)' 'PTLGI-(h)' IS THEN US,
TO FIND THE NEXT SALLEST DOX LE.,NGTH. IN ':L' THE O L.OO,
THEN RETURNS TO LINE(1O) AND REPEATS THE OPERATION. THE
DO LOOP FINISS W -1EN ALL "N' DOXES HAVE BEE. SORTED.

LINE(16):* 'A' IS GIVEN THE VALUE OF 'N'. THIS IS DONE
.ECAUSr 'N' WILL DE CHANGED LATER IN THE P[OGRA i

LINE(17): 'SMALL" IS SET E"UAL TO 4v WH-IICH IS TIlE VAL'I-
OF THE SMALLEST DOX LENGTH FROM THE TOTAL DATA SE-" o LcOX'"•
THIlS ;ALUE WILL DE USED THROUGIIOUT 'tlE 'GrRAi'M Awk T,.I1
D IFFEJ':ENTIAL "LUE-- USED IN ,1A .KIN 16 UJNIFDRNI L.OAD A-.' ,MPT ON
(SEE PARA 6 UNIFORM LOAD ASSUMPTION),

LINE(1S): SUDROUTINE 'NEWLST' IS CALLED. SEE SECTION E]) ~~ ~~~~ r ,,_IE ARGUM[:NE ' I f "''lT "

FOR EXPLAINATION OF T R NTS FOR T., UrOUTINE. T"
ARGUMENT VALUES SENT TO 'NEJLT' EY THIS CALL ST:,EMIINT A,,E

N = NUMI:ER OF DOXES TO DE LOADED
104 = PALLET LENGTH
,. o ,  = PALLET WIDTH

SMALL = 4
SPACE = TRACK = WIDE = Ni = STPT = 0
A =11

BOXLEN MDL ARRYS OF 'N' DOX LEN'GTISI"
I: OXWTII = Ml%:4 = .A',RAYS OF "NI' BDX WIDTIS

WDOX = TLDOX = TWDOX %COO = R II ALL N'
ELE ,E T EQ1A L. TOl Z -r,

POINT = 101

,'NE L.T' F. ',,",, THE LOAD:ING OPERATION 'E 'D"D FN of-%'"T
PART OF PARA 5. THAT IS, 'NEWLST' WILL PERFORM TM E INITIAL
LOAD AND AS MANY LOADS T-IEREAFTER IN ACCRDANCE UIi.I STEF.S(1)

THr.U (5) AND STEP (6'), UNTIL AN "UNEV 'N LOA- IS O iA L-.

LINE(17): AFTER RETURNING FROH 'NEL.-A TF-U ..... f TO ..E". IFNI,.: 1L_, A ,o I I r'  T -r
ALL TlE D.OXES HAVE DEE. L..AD-7D, I TE,'E r,0r: xo U.R - xr 1X3Il E- Ae ff , .I M'ILE . . ..

LOAD THE RETURNING VALUE OF 'N' WILL. PE Z'ERt AND T1E PROGRAN
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WILL PROCEED TO LINE(22), WHICH BEGINS TUE OUTPUT PRDCE';S,
IF 'N' IS NOT ZERO THEN TIHE PROGRAM EXECUTLS TIE NEXT LI,

LINE(21): IERE TIHE SUBROUTINE 'ILE2',' IS CALL,. DI TO .N T1F
"STACKING" PORTION OF THE PROGRAM. TIHU AGUMENTS C'ON'TAIN
THE FOLLOWING VALUES'

BOXLEN = AN ARRAY OF 'A' ELEMENTS EACH WITH A VALUE (iF

A BOX LENGTH, HOWEVER, TIIOSE BOXES TIIAT HAVE
BEEN LOADED BY SUBROUTINE 'NEWLST" OR CAN NOT
FIT IN THE REMAINING SPACE ON THE PALLET, IILL
HAVE NEGATIVE VALUES.

BOXWTII- AN ARRAY OF 'A' ELEMENTS El-ACH WITH A VALUE OF
A BOX WIDTI*

104 = PALLET LENGTH.
N NUMBER OF OXES NOT LOADED BY 'NEWLST'.
LDOX = ARRAY OF (A-N) ELEMENTS EACII HAVING THE VALUE

OF A BOX LENGTH OF THOSES BOXES LOADED BY 'NEWI.ST'.
WDOX ARRAY OF (A--N) ELEMENTS WITI THlE BOX WIDTItS OF THOSE

BOXES LOADED BY 'NEtiLST'.
TRACK = A-N = NUMBER OF BOXES LOADED BY 'NEI"LST',
SMALL = 4
WIDE = LARGEST PALLET WIDTH REMAINING AFTER BOXES WIIERE

-; . LOADED BY "NEWLST'. THIS DOES NOT INCLUDE TH. "LAST',
ROW OF BOXES, IF MORE TIIAN ONE LOAD IS IDENTII-'[1 BY

'NEWLST'*
MBL = ARRAY OF 'N' -OX LENGTHS, ALL POSITIVE IN VALL.IE,

MBW = ARRAY OF 'A' BOX WIDTHS, ALL FOSITIV4E IN VA'LUE,
COOR = ARRAY OF 'A' ELEMENTS, THE ENTRIES IN TillS

-?4 ARRAY COORESPONriING TO THE BOXES LOADED BY 'NEWLST'
WILL HAVE A 5 DIGIT NUMDERT: REPRESENTING TI-E CooR-
DINATE OF TIE UPPER LEFT CORNER OF TlE BOX. ALl.
OTHER ELEMENTS WILL REMAIN ZERO.

POINT = COORDINATE OF THE L.AST BOX TO BE LO..IDED BY 'NEWLST',
A ORIGINAL NUMBER OF BOXIES; A = TRACK-IN.

SUBROUTINE PILE2A PERFORMS THE "STACKING" PROCEDURE DESCRIBED
IN PAI::A 5, STEPS 6)B, (7) AND (8)v USING ONLY THOSE BOXES
NOT LOADED BY 'NEWLST"

'PILE2A' LOADS BOXES WITH THE BOX LENGTH PARALLEL. TO THE PALLET
'STARTING SIDE'* LATER "F'ILE2D' UILI... BE USED TO LOAD THE BOXES
PERPENDICULAR TO THE 'STARTING SIDE'.

LINE(24) Ti-RU (27): IN THIS DO LOOP TIlE PROGRAM UTPUTS TiREE

LISTS, EACH WIT4 'N' ELEMENTS. THESE LISTS WILL. CONTAIN THE
BOX LENGTHS, WIDTHS, AND COORDINATES. A SAMFLE OUTPUT IS
SHOWN IN FIGURE 14. THE LENGTH OF THOSE BOXES TIHAT HAVE
"EEN LOADED ARE SHOWN AS NEGATIVE VALUES.

LINE(20) TIIRU (33): THIS FINAL DO LOOP COMPUTES TIHE VALUE
OF 'AREA' LOADED BY MAST2A AND THE TOTAL NUMt:ER OF- BOXES USED.

LINE(34) AND (35)* OUTPUTS THE RESULTS COMPUTED IN LIFS_U (23) TO (34).
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L.IfE(36) : TfIE COMPUTER RETURNS TO THE MAIN PROCRA . 'LR'
WITH;-4--

- N =NUMBER OF BOXES LOADED

AREA TOTAL AREA COVERED BY THE LOADED BOXES.

:9 C3 MODULES MAST2rD, MAST2C MAST2D

EACH OF THESE THREE MODULES EXACTLY DUPLICATES THE PRO-
!." CESS DESCRIBED IN EB3. HOWEVER. IN EACH OF THESE MODULES
, THE PALLET-BOX ORIENTATION IS DIFFERENT. BELOW IS A LIST

OF CHANGES, BY MODULE, THAT COORESPONDS TO TilE C-ANCE IN
* PALLET-BOX ORIENTATION# REMEMPERY "MAST2' HAD A F'ALLET

LENF'TH OF 104 INCHES AND WIDTH OF 84 INCHES, WITH TIE BOX
LENUI'HS PARALLEL TO THE PALLET LENGTH,,

MAST2B.

THE ONLY CIANGE IN THIS MODULE IS THE USE OF SUBROUTINE
'PILE2B', WHICH WIhEN CALLED UPON TO 'STACK' BOXES WELL
ORIENTATE THE BOX WIDTHS PARALLEL TO THE PALLET LEN..iN.

MAST2C

IN THIS MODULE THE PALLET IS ROTATED 90 DEG,,ES SO THAT
ITS LENGTH IS NOW 04 INCHES AND ITS WIDTIH IS 10, INC.ES.
-F'ILE2A' IS USED IN THE 'STACKING' eROCED!JRE. WHCH-' PUTS
TIlE B:OX LENGTHS PARALLEL TO THE PALLET UIDTHi,

MAST 2
'.

FINALLY, THIS MODULE WILL USE A PALLET WIDTH OF 04 INCIIES
AND ORIENTATE TIE BOX WIDTHS PARALLEL TO THE P'AL.LET WIDTII
USING S UlROUTINE 'PILE2B'.

_ D] MODULE MAST3A

MODULE 'MAST3A' REMEMBER' IS A CLASS 2 ROUTINE. IIOWEVER\ ~t-
'MAST3A' IS VERY SIMILAR TO 'MAST2A'* LIN.., (1) TO (17)
AND (22) TO (37) IN H'X " "AVE EX..TlY TE. SAME[.(.. ~1, jNr j f,,.* ,,,S ,.

I NT ERF'R TAT ION AS THOSE LINES IN 'MA ST2A'. T m E 1' 'J '%
-I,',E,:,,CE IN THE TWO MOD ULES IS IN LINE (21) I,.

iSUBPUTINE 'PILE4' IS USE'D INSEAD OF "PI.[2,' 1LITH 'ILE4'

*'" - THlE F;ROCESS DESCRILLD IN VFR 5, STtFS (6)(r: v (7), AN" (C)
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IS IMPLEMENTED, THIS DIFFERENCE IN LOADING rFROCEurlJRz WILL
RESULT IN A VERY DIFFERENT FINAL LOADING "ATTERN.

A DETAILED EXPLANATION or THE SUBROUTINE 'PILE4' AND IS
EFFECT ON THE LOADING PROCEDURE CAN BE FOU"If IN SECTION, EF

NOWv LETS EXAMINE THE MANY SUBRDUTI I ES TH AT MAE UP THE
FIVE DIFFERENT MODULES. THE FIRST OF THESE SUBROUTINES IS
'NEWLST '*

[E3 SUDROUTINE NEWLST

* . 'NEWLST' IS THE LONGEST Or THE SU-ROUTIES AND IS COMION
TO ALL FIVE MODULES, 'NEWLST IS THE SUDROUTINE THAT PERFORMS
THE INITIAL LOADING ROUTINE DESCRI':ED IN PARA 5, STEPS ()
THRU (5)r REPEATING AS NECESSARY IN ACCORDANCE WITH THE
'UNIFORM LOAD' ASSUMPTION (SEE p^A'A 6)

LINE(1): THIS IS THlE SUBROUTINE NAME AND A LIST-o ITS A Gj-
MENTS. THE VALUE OF THESE ARGUMEINTS WE-RE r., .. ,,.t IN THE
MODULE THAT CALLED 'NEWLST',

LINE(2): ESTABLISHES ALL VARIABLES AS INTEGERS,
r5, . IA1 ,7 l

LINE(3): DIMENSION STATEMENT DECLARE.S ALL ARRAYS TO HAVE
h AXIMUM OF 30 ELEMENTS. THE USE OF EC'I ARRAY W.ILL BECOME

* EVIDENT LATER IN THE SUBROUTINE.

LINE(4>: GIVES 'NEWWTII' TIIE VALU' OF 'WIDTH's TIlE WIDTII OF
THE PALLET.

LINE(5) TlIRU (12): THE FIRST DO STATEMEH, E,I,,NES' ALL 'N'
BOXE-0 TO DETERMINE WIlICll ONES HAVE "EEN LO-ADE

FIRST, THE 'DOXLEN' VALUE OF THE -S IS TESTED TO SE
IF IT IS NEGATIVE. THAT IS, HAS THE BOX ALF-. ADEEN LOAED.
IF THE •BOXLEN' VALUE IS NEGATIVE THEN THlE NIAINING PORI'ON
OF THE LOOP IS DISREGARDED AND THE NEXT BOX IS EXAMINED U LqJT
IF TIIE 'OXLEN' VALUE IS POSITIVE THE 'BOXWT[V VALUE IS TESTED
TO SEE IF THE BOX WILL FIT IN TI-(E REMAINING PALLET WIDTH,

NEWWTI' IF THE 'DOXWTIH" WILL FIT, THE BOX IS 1:IREGARDED
AND TIE LOOP PROCEBES TO TEST THE NEXT BOX'. IF HOIIEVERv THE

'BOXWTH' IS TOO LARGE T[IE LOOP CONrINtUES TO THE NEXT STATEMENT.
TH4US, IF THE 'BOXIEN' VALUE IS NOT NEGATIVE (MEANING IT IS
AVAILABLE FOR LOADING) BUT THE '"OXtJTII' IS LARG3ER IiAN 'NEW.4TII'
-OTI- THE 'DOXLEN' AND "BOXWTII' VALUES ARE MADE NEGATIVE,
INDICATING IT CAN NOT BE USED IN TIHE I ADING ROIfINE.

LINE(13): 'SPACE' IS GIVEN THE VALUE OF ZERO. 'SPACE' WILL.
PE USED WHEN TIlE INITIAL LOAD IS PERFORMED (SEE LINE(14)).

LINE(14): SUBROUTINE 'LINFIT' IS CALLED. 'LINFIT' SEECKS 10
FIT AS MANY BOXES, FRON A LIST OF 'N' BOX LENGTHS, "UOXLEN'
ItirO A LINEAR SPACE OF SIZE 'LENLT'I'. ONLY THOSE BOXES WITH
POSITIVE 'BOXLEN' VALUES WILL BE CONSIDERED. TIlE OPTIMAL
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COMBINATION OF BOXES, THAT MINIMIZES TIHE SL.ACK( S'ACEI 'SP'A1CE ",
IS CHOOSEN. THE BOXES IDENTIFIED IN T1I1S OPTIMAL COm INAi'iOmN
WILL HAVE THEIR 'BOXLEN' VALUES MADE NEGATIVE,

LINES (15), (16) AND (17): INITIALIZES THE VARIABLES "COUNT',
'TRACK' AND 'NUN' TO ZERO,

LINES(18) THRU (35)* IN THIS DO LOOP ALL 'N' BOXES ARE TESTED,
EACH BOX WILL FALL INTO ONE OF THE FOLLOWING CATEGORIES:

(A) BOX HAS ALREADY BEEN LOADED, OR WILL NOT FIT IN
AN AREA OF DIMENSIONS 'LENGTH' BY 'NEWWTH'.

(B) THE BOX HAS BEEN IDENTIFIES BY SUBROUTINE 'LINFIT'
AS PART OF THE OPTIMAL INITIAL LOAD*

(C) THE BOX IS STILL AVAILABLE FOR USE,

WHEN THE BOXES ARE TESTED, IF*

(AA) THE BOX LENGTH AND BOX WIDTH ARE BOTH NEGATIVE THE
THE BOX FALLS IN CATAGORY (A).

(BB) THE BOX LENGTH IS NEGATIVE AND THE BOX WIDTH IS
POSITIVE THE BOX BELONGS TO CATAGORY (B)•

(CC) BOTH BOX LENGTH AND WIDTH ARE POSITIVE A CATAGORY
(C) BOX IS IDENTIFIED*"

IN THE CASE OF CATEGORY (B) BOXESP THE ABSOLUTE VALUE
OF THE BOX LENGTH AND WIDTH ARE S'TORED IN ArRAYS 'LIOXv',
'TLBOX' ANt' 'WBOX', 'TWDOX' RESF',;,TIVELY; LINES (23), (21),
AND (27), (28). THE NUMBER OF BOXES IS COUNTED BY INCREMENT-
ING 'TRACK' AND 'NI', LINES (23) AND (26).

WHEN A CATEGORY (C) BOX IS FOUND THE RESPECTIVE BOX LENGTH
AND WIDTH IS STORED IN 'LLBOX' AND 'WWEIOX'• THE TALLY OF
THESE BOXES IS KEPT BY IN[REMENTING 'NUM',

LINE(36): 'N' IS GIVEN THE VALUE OF "NUM', THlE NUKfjER OF

BOXES THAT REMAIN TO BE LOADED.

LINE(37): IF NO BOXES WERE IDENTIFIED FOR THE INITIAL
LOAD BY 'LINFIT', TIHE PROGRAM RETURNS TO THE CALLING
MODULE•

LINE(39): IF THE NUMBER OF BOXES REMAINING AVAILABLE FOR
LOADING IS ZERO, THEN THE PROGRAM WILL. RETURN TO TIHE
CALLING MODULE,

LINE(41): INITIALIZES 'NEWLEN' TO THE LENGTH OF TI-[7 FIRST
BOX IDENTIFIED BY 'LINFIT'
LINE(42): 'WIDE' IS OIVLN THE VALUE OF 'NEt W1)'

LINE(43): A TEST IS MADE TO SEE IF 'LINFIT' IDENTIFIED
ONLY ONE BOX. IF7 THIS IS TIlE CASE THE "r'OC ': ' F'ROLtCEDIS
10 LINE (58); OTHERWISE THE PROGRAM GOES TO THE NEXT
STATEMENT.
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LINES (47) THIRU (55): IN THIS DO LOOP ALL THE BOXES IDENTIFIED
BY 'LINFIT' ARE EXAMINED, EACH BOX'S WIDTH IS CcUmrAR[-.D rLY
MEANS OF FIRST, A TWO-BOX COMFARISION, THEN A Tli:EE-L.0X
COhPARISION AND SO ON UNTIL ALL BOX WIDTHS HAVE BEEN COMPAI'.:ED
TO EACH OTHER, AFTER EACH COMPARISION TIE MAXIMUM DIFFER.fN.fE

IN BOX WIDTHS IS RECORDED IN "SDIFF' AND THE LARGEST BOX (410TH
IS RECORDED IN 'DIFF'.

ALSO, AS EACH COMPARISION TAKES PLACE "NEWLEN' IS UPDATED.
THAT IS, 'NEWLEN', WIIICH WAS ORIGNALLY EQUAL TO THE LENGTH
OF THE FIRST BOX IDENTIFIED BY 'LINFIT', IS INCREASED BY THE
APPROPRIATE BOX LENGTH*

lHE VALUE OF 'NEWJTH', OR THE REMAINING SPACE ALONG THE
SIDE OF THE PALLET, IS ALSO CHANGED BY SUBTRACTING THE
APPROPRIATE BOX WIDTH*

WHEN THE PROGRAM EXITS THE DO LOOP THE VALUES OF 'NEWLEN'

AND 'NEWWTH' CAN BE INTERPRETED AS;

NEWLEN = THE SUM OF ALL ENTRIES OF ARRAY "LE:OX',
= THE SUM OF THE LENGTHS OF EACH BOX IDENTIFIED

BY 'LINFIT'.
NEWWTH = THE PREVIOUS "NEWWTH' VALUE MINUS THE MAXIHUM-1

WIDTH FROM ALL THE BOXES IDENTIFIED BY 'LINFIF'.

THIS INFORMATION WILL BE USED LATER IN CHECKING TO SEE TF
THE 'UNIFORM LOAD ASSUMiPTIOhis IS VALID.

LINE(56)* 'WIDE' IS GIVEN THE NEW VALUE EQUAL TO 'NEUWTI.

LINE(57): THE PROGRAM SKIPS TO LINE (61),

LINES(53) TFIRU (60): THE PROGRAM WILl SKIP TO THIS LINE.
DISREGARDING LINES (46) THRU (57) IF TiE CONTlTIOil IN LINE~ (4;)

IS TRUE, I.E. ONLY ONE BOX IS IEENTJFIED BY 'LINFIT'.
HERE, 'NEWLEN' IS MADE EQUAL TO 'LENGTH', AND THE WIDTH OF

THE BOX IS SUBTRACTED FROM 'NEWWTII'. ALSO, 'WIDI-' IS GIVEN
THE NEW VALUE OF 'NEWWTH'.

LINE(61) THRU (63): THIS DO LOOP SIMPLY CI-IANGES ARRAYS 'BOXLEN'
AND 'BOXWTH' TO CONTAIN ONLY THOSE BOXES TH-IAT WrRE IDE,4TIFTED
EARLIER AS BEING AVAILABLE FOR FUTURE LOADING.

LINE(64): 'TPT' IS GIVEN THE VALUE OF 'POINT'.

LINES(65) THRU (76): TWO NESTED DO LOOPS ARF USED TO ASSIGN
A X AND Y COORDINATE TO EACH BOX IDENIIFIED BY 'LINFIT'.
THESE COORDINATES ARE PLACED IN THE APPROPRIATE ENTRY OF THE
ARRAY 'COOR'. THIS IN EFFECT "LOAD.S' THE BOXES OmfO THEE PALLET.

LINES(77) THRU (80): HERE THE VALUE OF 'POImT' IS CHANGED TO
COORESPOND TO A POSITION ALONG THE LEFT SIDE OF TliEI PALLET
AND A VALUE OF 'WITrH' MINUS 'NEWwTH' BELOW TlE REFCRENC . POINTI,
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LINE(81): IF THE MA[IMUM DIFFERENC OF (,NY TI'O ,-X. IDENTIF.ED trY
'LINFIT' IS GREATER THAN 4 INCI-ES AN "UNEVEN LOi- ,D EXISTS AN.
THIE PROGRAM RETURNS TO THE CALLING MODULE. IF THE DIF"ERENCi-
IS LESS THAN 4 INCHES THE PROGRAM EXECUTES THE NEXT STATEMENT.

LINE(83): IF THE DIFFERENCE BETWEEN 'LENGTH4' AND THE SUM OF
NL THE 'LINFIT' BOX LENGTHS IS GREATER THAN 'SMALL'; OR 'NEWWTI'r

THE SPACE REMAINING BELOW TIE 'LINFIT' BOXES, IS LESS THAN
'SMALL', THE PROGRAM WILL RETURN. IF NEITHER CONDITION IS
TRUE TIlE NEXT STATEMENT IS EXECUTED#

LINE(05): 'NEWLEN' IS INITIALIZED TO THIE VALUE OF 'LENGTH'.

LINE(06): BECAUSE TIE CONDITIONS IN LINES (01) -TO (84) WERE
. SATISFIED, A "UNIFORM LOAD" CAN BE ASSUMED. AND THE &ARO RA.

RETURNS TO LINE(5) TO BEGIN THE SECOND LOAD USING TIlE SAME
PROCEDURE BUT WITIH AN UPDATED LIST OF BOXES AND NEW VALUES
FOR 'NEWLEN' AND 'NEWWTH'

LINE(87): RETURN TO CALLING MODULE.

LINE(SG): END OF SUBROUTINE.

EF] SUBROUTINE PILE2A

-THIS SUBROUTINE PERFORMS THE 2STACKII,'" SEQUENCE OF THE
PROGRAM* BEGINNING WITH 'TRACK' NUiBER OF B:XES HIAVING
LENGTHS AND WIDTIS CONTAINED IN ARRAYS 'LBOX' AND 'WL:OX',
AS MANY ADDITIONAL BOXES FROM A LIST OF IN' BOXES ARE LOA[:EDI
BELOW EACII 'LDOX'.

LINE (1): THE NAME or THE SUBROUTINE AND THE VARIOUS ARGUMENTS.
V. SEE SECTION [B] FOR AN EXPLAINATION OF THEE VALUE OF EIC: I

ARGUMENT WHEN 'PILE2A' IS CALLED.

LINE(2): ALL VARIABLES ARE INTEGER.

LINE (3): DIMENSIONS ALL. ARRAYS TO 30 ELEMENTS.

LINES(4) THRU (6)# INITIALIZES 'SAVE', 'START' ANT 'S'IDE
EQUAL TO ZERO.

LINE(7): 'BDFT' IS GIVEN THE VALUE OF POINT'.A A, V. . A- -el _, ,U" U -,

LINES(0) THRU 11): THE VA'RIADLE 'SWIDE' IS ,,.VEN VAL"- ,QUA

TO 'WIDE' PLUS THE LARGEST WIDTHl OF ALL O"-IN '"OX

LINE(12)*: 'TT2' IS INITIALIZED AS ZER,.

LINE(13)8 TIIS DO STATEMENT STARTS A D10 LOO' THA$,T CONTAIfS HE
REMAINDER OF THE SUBROUTINE. NESTED IN ThI; LARE DO 1-O0 r1 E
SEVERAL SMALLER GDO LOOVS TH.IAT ARE USE" TO TA-.C, K .1XE0, TI:E
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LARGER DOu LOOP IS 1NCREIiENTEDI bY ONE UNTIL .'--.- ,a,,.,i.,,l, S
BELOW EACH IIOX IN 'LD •X

LINE(14); POINT' IS EQUAL TO 'DF'" TIIlS CHAtNE I o . ,.
A' THE BEGINNING c- THE LARSE rO LOOT Tc1I, TR AC' OF , TrE

COORDINATE OF THE FIRST BOX LOADED UiDER EACH ESIE .," INr
I 41, DO.l

LINE(15): 'TEIP' IS EQUAL TO ER R'

LINE(16): IF THE LENGTH OF A ICX I'N LDDX o' 7W C,-,'
IS TO BE LOADED UNDER, IS LESS THAN OR EQUAL TO 'STAFRT' ThE
SROGRAM SKIPS TO LINE (71) AND ON TO LINE (13) TO DEGIN LOADING
UNDER THE NEXT DOX IN 'LDOX"

THE VALUE OF 'START' WILL BECOME AF.RE4T IN LI11 (29).
'START' IS, IN FACT, A NUMBER CORFRESPONDING TO TIE LAST B ,.. IN
'LDOX THAT HAS TIHE SAME WIDTH WITHIN 4 INCHES, AS ALL THE
PREVIOUS BOXES CONSIDERED.

.- LINE(10): 'NEWLEN' IS GIVEN THE VALUE OF T1HE LENGTII OF THE
CURRENT DOX IN 'LDOX'.

LINE(17): 'NEWWT-' IS EQUAL TO 'SWIDE' MINUS THE WIDTH OF
" - THE CURRENT BOX IN 'WI3OX'0

LINE(20): IF THE CURRENT BOX IS ALSO THE LAST BOX IN LD'OX'
TIIEN THE PROGRAM SKIPS TO LINE(32)°

LINE(21): 'IPI' IS MADE EQUAL TO I+i WI.11CH IS THE NEXT DX
114 'LBOX".

f LI1SES(22) THRU (30): THIS DO LOOP F'ERFORMS THE TEST FOR A
"UNIFORM LOAD' BETWEEN ANY NUMBER OF CONSECUTIVE BOXES IN
"WFOX'0

IF AN 'UNIFORM LOAD* CAN BE ASSUMED WITH SOME or THE BOXES
'NEWLEN' IS INCREASED AND 'NEWWTH' IS DECREASE DY TIIE
APPROPRIATE AMOUNTS.

LINE(31): IF THE DO LOOP IS COMPLETED i'NIWWTH' Ic SET EQU.JAL TO 'SWIDE'
MINUS THE MAXIMUM BOX WIDTH OF THOSE BOXES IDENTIFIED IN LINES (22)
THRU (30) AS HAVING MET THE TEST FOR A 'UNIFORM LOoD' ASSUMTIOU.

. LINE(32): 'SAVE' IS INCREMENTED BY "NEWLEN'.

'-. LINE(33): IF 'I' IS EQUAL TO 'TRACK' IHEN 'NEWLENI IS GIVEN THE
VALUE OF 'LENGTH'.

LINES(35) THRU (37): TIIESE STATEMENTS INITIALIZES SEVERAL SINCLE
VARIABLES TO ZERO,

LINE(33): THIS DO LOOP BEGINS THE PROCESS OF 'STACKINGO BOXES UNDER
TfIf BOXES CONTAINED IN 'LBOX'.

LINE(39): EACH OF THE BOXES IN 'BOXLE,' IS CHEICEKF TO SEE IF IT IS
AVILAB'LE FOR LOADING OR IF IT WILL FIT IN TIE RLMAIINU4O Sf'tCE, WITH
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DBIMENSIONS "NEWLEN' BY 'NEWWTH'o

LINE(41): IF TIlE curiRNT BOX CAN BE LOADED 'NEtW4TH' IS rDECRErtil ,-NTED BY
THE 'BOXWTH' VALUE OF THIS BOX.

LINE(42)t: IF THE REMAINING SPACE ALONG "NEWLEN' UNll)ER WHICH "PII.E.A'
IS TIRY NG TO STACK IS LESS THAN 4 INCHES,? TH-N SNIP TO LIN I (49).

OTHERWISE PROCEED TO THE NEXT STATEMENT IN THE PROGRAM.

LINE(44): IF THE LENGTH OF THE CURRENT BOX JUST LOADED, IS LESS TIIAN
'MAX'r SKIP TO LINE (50).

LINE(46): IF THE BOX'S LENGTH IS NOT LESS THAN 'MAX' GIVE 'MAX' THE

VALUE OF 'BOXLEN' FOR THE CURRENT BOX UNDER CONS;IDERATION.

LINE(47): 'TEMPT' IS UPDATED TO T14E VALUE OF 'POINT' PLUS THE VALUE
OF 'MAX', THAT IS THE LENGTH OF TIHE LOADED BOX.

LINE(43)): THIS GO TO' STATEMENT ALLOWS THE PROGRAM TO SKIP LINE (49)
k WHICH IS ONLY EXECUTED IF THE CONDITION IN LINE (42) IS TRUE.

LINE(49): IF THIS STATEMENT IS EXECUTEDP THAT IS NO MORE BOXES CAN BE

LOADED, 'WMAX' IS INCREASED BY THE WIDT14 OF THE BOX JUST LOADED.

LINES(50) THRU (58): THIS DO LOOP IS USED TO ASSIGN A X AND Y COOR-*
DINATE TO THE BOX JUST IDENTIFIED T'O BE LOADED). THIIS COORDINATE x1,

. . PLACED IN THE APPROPRIATE ENTRY OF THE ARRAY 'COOR'* THIS IN EFFECT
*LOADS3 THE BOX ONTO THE PALLET.

LINE(59): HERE THE VALUE OF 'POINT' OR THE COoRDINAT]E OF THE NEXT DOX
TO BE LOADED, IS CHANGED TO CORRESPOND TO A POSITION DIRECTLY BELO
THE BOX JUST LOADED.

LINE(60): THE VALUE OF 'BOXLEN' FOR THE BOX JUST LOADED IS CIIANG-E'T

TO A NEGATIVE. IN THIS WAY THIS BOX IS IDENTIFIED AS NOT 'EING
AVAILABLE FOR FUTURE LOADING CONSIDERATION.

LINE 61): THIS STATEMENT SEND THE PROGRAIi BACK TO LINE 8) LJ ERE
THE NEXT BOX IS CONSIDERED FOR 0STACKING" IN THE AREA 'NE.WLEN' BY
'NEWWTH'.

LINE(62): IF 'MAX' IS EQUAL TO ZERO AT THE END OF THE DO LOOP
(LINES (38) THRU (61)) THE NUMBER OF BOXES "STACNED" WILL BE ZERO.
IN THIS CASE THE PROGRAM GOES TO LINE (69).

LINES(64) THRU (67): IF 'MAX' IS NOT ECUAL TO ZERO THEN THE VALUES
OF 'POINT', 'NEWLEN' AND 'TEMP' ARE UPDATED. 12 PREPARLS THE
PROGRAM FO STARTING TO STACK BOXES AtONG SIDE THE BOX OR BOXES
JUST LOADED IN LINE (39) THRU (61).

LINE(68): RETURNS THE PROGRAM TO LINI:(35) TO CONTINUE "STACKING'.

LINF(69): IF THIS STATEMENT IS EXLCUfED, THAT IS THE CONDXTTO, IN
LINE(62 IS TRUEP THE VALUE OF 'BPT' IS UF't'ArE[l 10 A POSTTION
JUST BELOW THE NEXT GROUP OF POXES IN 'Lr:OX' THAT THE StJBI<0tJCINE
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WILL BEGIN 'STACKING' UNDER.

LINE(71): THE PROGRAM NOW RETURNS TO LINE (13) AN[D DEGINL; THIE

"STACKING' PROCESS AGAIN UNDER THE NEW BOX(S).

LINE(72): RETURNS TO CALLING MODULE.

LINE(73)* END OF SUBROUTINE.

EG) SUBROUTINE 
PILE2B

THIS SUBROUTINE IS ALMOST IDiENTICAL TO 'PILE2A'. IN BOTII
SUBROUTINES BOXES ARE OSTACKED UNDER THOSE BOXES LOADED BY
'NEWLST' AND CONTAINED IN ARRAYS 'LBOX' AMD 'WDOX'. HOWEVER, 'PILE2:'
LOADS ALL. THESE ADDITIONAL BOXES WITH THEIR WIDTHS PARALLEL TO THE
'STARTING SIDE' OF THE PAL.ET RATIIER THAN THEIR LENGTHS AS WAS THE

. CASE IN 'PILE2A'.

THIS CHANGE IS ACCOMPLISHED BY INTERCHANGING 'BOXLEN' AND 'BOWWTH'
IN LINES (39) THRU (46) AND IN LINES (49) AND (59). THIS WILL FRESENT
A COMPLETELY DIFFERENT LOADING PATTERN THAN DOES 'PILE2A'.

EH) SUBROUTINE PILE4

RECALL IN SECTION ED) THE tiODULE MAST3A WAS SAID TO BE BASICA'LLY
THE SAME AS MODULE MAST2A EXCEPT THAT 'PILE4' WILL START WITH A NUi-
BER OF BOXES, WITH LENGTH 'DOXLEN' AND WIDTH 'BOXWTH' WHICH REMAIN
TO BE LOADED. THEN, UNDER EACH BOX IN THE "LAST" LOAD IDENTiFIED
IN 'NEWLST', IT WILL LOAD AS MANY BOXES AS POSSIBLE WITH TIl HELFP
OF SUBROUTINES 'NEWLST' AND 'FILE3' (SEE SECTION [I]). REMEMBER,
'NEWLST' WILL REPEATEDLY LOAD AS MA, NY BOXES AS POSSIBLE ALON!G TIHE
PALLET'S 'STARTING SIDE' UNTIL AN 'UNEVEN LOAD' APPEARS. F:'ILE4
THEN IMPLEMENTS STEPS (6)(A),(7) AND (8) DESCRIBED IN PARA. 5.

LINE(l): THE SUBROUTINE NAME AND THE LIST OF ARGUNiENTS, THE VALUE
OF [HE ARGUMENTS ARE ASSIGNEE' BY THE CALLING MODULE, MAST3A. THEY
CAN BE INTERPRETED AS FOLLOWS:

BOXLEN = AN ARRAY OF 'N' ELEMENTS EACH WITH A VALUE OF A BOX

LENGTH. TIOSE BOXES LOADED BY 'NEWLST' OR CAN NOT
FIT IN THE REMAINING SPACE ON TIHE PAL1.ET, WIL.L HAVE
NEGATIVE VALUES.

BOXWTH = AN ARRAY OF 'N' ELEMENTS EACH WITH A VALUE OF A DOX
WIDTH.

LENGTH 104
N NUMBER OF BOXES NOT LOADr-lE' BY 'HEWLST'.
LBOX = AN ARRAY OF (A-N) ELEMENTS EACH HAVING THE VALUE

OF A BOX LENGTH OF THOSE BOXES LAST LOADED 1-( '-NELJ'.
SMALL =4
WIDE = LARGEST PAI.LET WIDTH REMAINING AFTER ALL THE BOXES

WERE .OAriEt DY 'Eb',.ST ' THIS DO<S NOT INCLUIDE TIlE
4 LAST ROW OF BOXES, IF HOPIRE THAN O1,E ROW IS LOADED DY
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'NEWLST'.
MBL = ARRAY OF 'A' BOX LENGTISi, ALL POSITIVE IN4 VALUE.
.BW = ARRAY OF 'A' BOX WIDTHS, ALL POSITYVE IN VALUE',
COOR = AN ARRAY OF 'A' ELEMENTS. THE ENTRIES It! THIS A:R-Y

CORRESPONDING TO THE BOXES LOADED BY 'NFI.ST' WILL.
HAVE A FIVE DIGIT COORDINATE 01- TIE UPPER LEFT
CORNER OF EACH BOX, ALL OTHER ELEMENTS WILL REMAIN
ZERO.

POINT = COORDINATE OF THE LAST BOX TO BE LOADED BY 'NEWLST.

A = ORIGINAL NUMBER OF BOX1ES; A = NEXT+No
STPT = 0

LINE(2)* ESTABLISHES ALL VARIABLES AND ARRAYS TO BE INrEGER.

LINE(3): DIMENSION STATEMENT DECLARES ALL ARRAYS TO HAVE A MAXIMUM
OF 30 ELEMENTS.

LINE(4): THE DATA STATEtIENT INITIALIZES SEVERAL SINGLE VARIABLES AND

ARRAYS TO BE ZERO,

LINE(5): 'TWIDTH' IS GIVEN THE VALUE OF 'WIDE'.
.I 

"

LINES(6) THRU (8): TIllS DO LOOP DUPLICATES THE VALUES IN ARRAYS
•."OXLEN' AND "BOXWTH' INTO ARRAYS 'MBL" AND ":t'1W' RESPECTIVELY.

SOME OF THESE BOXES IN 'BOXLEN' AND 'BOXWTH' WILL BE IDENTIFIED BY
"PILE4' AND "PILE3" AS HAVING BEEN LOADED UNDER SOME BOX IN "LBOX'
(THOSE BOXES LAST LOADED BY 'NEWLST'). THEREFORE, LATER IN 'PILE-'
SUBROUTINE 'REGRF' WILL BE CALLED TO MODIFY "BOXLENI AND "BOYWTH 'i.
ELlifNATING THESE LOADED BOXES.

LINE(9): STPT2 = STPT

LINES(10) TIIRU (13): THIS DO LOO' DETERMI.lr'"SWIDE'. "SUIDE" IS
THE REMAINING WIDTH4 OF THE PALLET WITH TI.a" 'LAST* ROW OF BOXE.

LOADED BY 'NEWLST' REMOVED.

LINE(14): THIS DO STATEMENT BEGINS TIlE MAJOR PORTION Or T'IE.,. cO1 F' RTIO; OF T

SUBROUTINE 'PILE4'* NOTE THE INDEX 'I' IS INCREtiENTED BY O?. FROM
01-OE TO 'NEXT', TIHE NUMBER OF BOXES I4 THE "LAST* ROW Lc^,: r- .,,

'NEWLST' 

LINE%15: N S INITIALIZED AS ZERO.

LIHE(1, 1 ): IF THE CURRENT VALUE OF "I' IS .,AT T, IT E
PROGRAM SKIPS TO THE END OF THE DO LOOE A,. THEN-RE ...,S TO L,-1!-,, (14)
WERE IT BEGINS WITH THIE NEXT rOX, THE VALUE OF 'START" WIILL D :,'"IE
OBVIOUS IN LINE (27).

LINE,: 1 " TLENT I' IS CIVEN THE VALUE OF TICE LE,1'TI OF T:I" T T: I DOX
IN THE LAST" LOAD OF 'NEWLST'

-7 ,,.. r,

LINE(U.?): 'TWIDTH' IS AIG T L '-" I, E ,IU. TIIE WITH .Gr
OF THIE I TfI E:CX IN Tl 'LAST"- L- OF 'N:.LST'T

LI,1"KE20) IF 'I" IS E Q,..AL TO "E. THE G.RAN PR rO C , TO LI'
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~I,U-S TO THE NEXT S I A -,.ba I:-.,j D T ,'.", I S " I T C O N T I '" .L a 0j

LINE(22): IP=I I; THE CURr- I.ND. V'L'" .US

LINES(23) TIRU (2): IN THIS DO LOOP ALL TIIE EI .X-..Es, D.GING ,,T
E_;,( IP), ARE CO ,'.A . TO , I sO EE sO 1) A 'I

FOUR ,,C t,, S rLT' -E TS,

% AND THE WIDTH IS . E ACC..RrDI.L Y ALSO 'START" I- t " T -
% 1.- 4. , I-' "

VALUE OF THE INIDEX COras.t. - ,.I N TO T.., A:ITIO"A
WHEN THE FIRST 1OX THAT IS ENCOUNTERED WI TI A WI-IT:l Tr TI, TI!E

CURRENT DOX WIDTH (STIO. RiE' IN TT2)p THE PROGRA E ToI, rHE D L ^OP .4oT R,_l UT ) . r . ^I T E.O ..
PROCEEDS TO LINE (31). NOTE# WHAT THIS DO LO0,P IS DOINO IS TESTI

FOR A "UNIFORM LOAD" ASSUMPTION FOR A -' rT I ,, o ... OF THE.....
or BOWES IDENTTIFIE[: IY'1EST' (S7EE PARA s N,^ r'~ ~J., Nl I# O E WO d L1 to Za- r s. . I 'I . i

l r t  
!_j s -i r s0 :-j l ... ,I-'.

lIOM).

LI1E(30): IF TtIE BO LOOP IS COTEE. W TID1'T, IS SET iULI"SWIDE" MINUS '11] MAIM r Dnl^WD " I
I ra,,^ U A " -. "1 LIM w

4"  1 1, 1 7 "i in.A a .*v l~aJ . l l . . a .. . o .*' S- a le  . . . , ' .. 'a a. a..a . a . ,1.a.
LINES (23) THRU (27% AS HAsIN WID I FERENCES Or LE s:A a -1 #lot

L., IN.' (31) SAVE' A. X I I -.NT' I
TO F L IE I a Ti I " IaALI'E(32): IF "I" IS ""^ , 51,, ,LA,,, •. . . .,

OF 'L NGTH' a.. . I S&-.7. r. A Vai 1 L vr- r. f-,.

-,TRU (39)#4 TI S DO L 0 0j,',la..TI L, ., ,aI I. A" '"-

A'- 6F ./H L 161.1
- . i1 ' 1• - .I T A I _ . o.- or.-, NO'* 17 ..

LINES(39) THIRU (41): THESE STATErNTS INICILIZES SE'ERAL S.1,JLE

VARIABLES TO ZERO0
-~I VI' E

LINE(42): 'NWrL', IS C,-L,LLE. OVER, THIS TIME TIIE LENS.0T Or *rir
PALLET IS REPLACED D, Y 'TLENTI' AND THE WIDTH 106' TWIDTII' . I-,_,LE "N'
AMU .' XWTI'V CC"TA IN TI SE: ,1"",,:. TO B t .- , ,-. , ,.,.j AN J" -I alL j ' 'i a ^l' .JL a','4." .. .. "i,"L. a '. "a a. ... £, L.L

I A I j.-,r9 I' a / ,r~r,

CONTAIN ALL THE .-,,I, L ' " LENGTI S AND WITy. 0C,'4 'o'-,Ik4. A A.. ..,lo ail. C.,
CU, , I, Cro - ,[ . A, I - A a r, r T r Al a I T:-R

CONTAINS THIE 1,A .. ' Of L L ri a.L : \a..J -a" . ..ARGUMENTFS ARE ZERO OR "^" T. VAUE E^T"' r'a. W,'I.., ii ,.pr.r.4 J 8A I I, T E V AL UES ,--S E O r LIS,,I."7'A*, '!- 1I' I P1,L' ^"
CALLHE." T

LN(r N 'NEWLST' RETURS IF '''4 IS Z_,, ThAT IS, .O .O" ,-,-S. g. - ( 4 3 ) # W tIE N ,, .J-," 01, 1,. I S. A

ARE LEFT FOR LOADING THE F'RORAM RETURINS TO'MAST3A'. IF 'N' IS ,_.T
ZERO TIE NEXT ST TAT EMTE IS XECUTE"

CI

L. INE(45): IF 'COUNT' IS EQUAL TO ZERO TT IS T'HERE. WAS 01LYOE DOX(
LOADED BY 'NEWLST', THIE PROGR,,M PROCEEDS TO LINE (49)* IF '.0 .... IS
NOTI ZERO LINE (47) IS EXECUTE '

ELI'"(47): SUBROUTINE 'PILE3' IS CALLED. FOR AN IN,.,.Tr,ZIRETT,,ION OF EACH
"*:i . ARGUMENT SE' SECTION [I]. 'PILE3' LARRIES O TRE "CI FIRTON

OF THE PRG M UNDER EACPl F'" AT ,-' ,- - HAS JU'T LNE,.D, " -T
PARA. S, STEPS (6)'E), (7) AND (0))

NLI E (4 0, THE L I,,t.'E ( - ,
: LINES(4) AD (; IN LINE 4-I) IF INY ONE "C. IS O . f: - ILST'

,THESE TWO STATEMEN S ARE E XCUF.. N,-T. "BOXL(I1 " , ,OXO (. ) , ...

"oq



GIVE," TH*E LEINGTH INl: ~4W~lJl- '%F THE FIRsTf F:01,1 01'. SlES OIF NDOXEG utr:f*,

L.XE(5): UDTURTNE'F'ILE3' IS CALLF.D. ALL k 1 11NT pA7~ T.117~,
MEANING EXCEPT 'COUNT' IS ELACED BY I. 'rlL.E3* ALS10 AS 1131 THIE
APPROPRIATE COORDINATE TO THlE lrOXE.S THIAT IT WILL LOATA.1

LIE(2: F'I' IS EQUAL TO 'NE:XT't THA7 Ts T t4FNL Ixt THEC

'LAST' ROW OF BOXES ORIGINAILLY IDENTI F ED t.' Nr-sLrS
T

' r
REACHED THE PROGRAM RETURNS TO 'MAST3A'

L LIANE %"5 %f):# S U lROUTINE 'R:EGRP' IS CALLED.o THIS SUDROUTINE WILL ELIM I NATE
* :~ THOSEc BOXES LOADED BY 'NEWLST / AND 'P1 LE3' FROM THE LIST-s OF ' w OXES,

* ORIGI~A LLY SENT TO 'PYLEA'.

LIEo55 T:R (57 THESE : TAEENTS READJUST, THE VAL'Ui* OF 'STPT2' TO
COR8RESP ON"D TO THlIE COORDINtATEr OF A POINT UNDER TELOWERf* LEFT CORNE,',R OF

THE NEXT BOX IN ARRI 'is X w TH ARA F E:OE SrN 11' 4 AS

LINE(539):* THIS ST ATElET REURNS THE PROGRAM TO LINE(l4> ?ER THE NEXT

LOIN) 'rETURN TO CALEINGN THEt RCEUR IA PESTF3i A.A'.r

L 0 F ' L DU pM.sST3A

LINE(61): END OF SUA:ROUT INE.

EI) SUBROU~TNE PILE3

SAS A 1% IC M. SA17i -a X1~r I,,-,- po ~ A1 / 'A L L r. 0 a-,i r A Cr r.7r-Cr% (I

WLRE. LIA"EL: NE.XTT 'PILE IS CALLD WI IN PL4

IS CALLED AGAIN- BUT THIS TI ME , ON ILY THE A R EA ( Al I j.: c- ~X(f
IN THE 'LAST' ROW OF IDOXES LOADED BY 'NEWLST' TALES= THI E P L ACE F0 T I E

ENI PLE RA (SEE FIGl. 15). THE LENGTH Of (1,L/ I S USED A-STH
LEGT O T~sARA(A4 ) ANtD 'TWIDT:*l' IS THE WIDTH, OF CfOjURS''E TIHE

'UNIFORM LOAD* A SSUM P T ION IS ALSO *~NINTO EFFECT, SO TsHE LENGTH
q MAY y E T [l1E SUM OF UP TO 'NEXT' NJMA DER OF BOXES~j WITll LEHOTIIy, EUAI.

TO 'TLr-1,T1.1 (SErE FIG'r. 15T). ONCE 'NEWLST' HSLOADED I~MN :OE
AREA (Al) AS POSSIDLEY 'PIlE3' IS CALLED To PRFORMs THE, 0'5 TfACI\No
PORTION OF THlE LOA ri'D OU 11NEr UD ER1 THtIE L AST kEIE CF L :5o L3 t
ED DY 'NEWLST',

IT IS ODVIOUS 1"t EXAMINING 'FPIrLE3'* AND: 'PlLrL-.A' T JAT Till'. IwS,
SUDROUTINES ARE ALH[OST11 E NT ICAL.# I I tOlW E v, R SO3 "IlL#..LCAI TO

,;. C 4 M A I'E T OF R TO I1 Tr FARIT C' U r L IA "'

THREFO 0R E , I NST rE ADr OF DICCUSSING4 r-i.L3, i -N .-, ETIL Tr * ON,41
THOSE: LINES THAT BAV EEN CHlANGE1rD OF, A 0DE \O DELETJED IN rLv'tR

~94 LIME(l>: THlE ARGIUMIENTS OF ',"ILE3' '1AV 7 LIE A)J1 tE.ANINjtG WITH THE
FOLLIOWl NG EX'CEPT I Ot!'l-

LENGTH 'TLENTH' v CiALCULATE I N'IL4

35
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W 14 CALLEr: 18.J nI : 1j r A A1-

Ar*XL *IjYI Of- EAN L~FT ACI tA~I NC; v 1 1 C VA I 1s A

BOX LENCI HF 0THVC " T T AL aN U1C "if R :XL L0,IL1rC
'NEWLST'.
AI)( OF --( I A H H V N l Lu VAS T7 EL , 1 . 1 1-1

DO X W1 DTI oF r - T.- I AL tvfM.fmGlr_1I OF 1 01XArS L
T ~ACI 'NEWLST' OC3 SLDE 'N'LTIN'LF *V-T

INUll EER OF DO"ES L 1 1.A. I L_ ItI
IS THE BEOXES LOADED UNI. rR I'E.1GT 1.I'1,

WIDE LARGEST 9' rLLET WIDTH IF", I",N I C. 0OA [I.
DY'NEWLST' WITH IN v'IP1LE 4'1

POINT COODIAT OF TELAST BOX TO DE LCO- dA--rT / 8.h3* " T %4L

Ar.3T A V.3L A V. J. II r 3 r.- ~ Vi ?) i T) I 5r, .II X I I/ fCI\A.- 2,4 T x.3I. Its-

WITIH TIES 11.7-a SI.LL EiJC9 I5's I :j .5 I' 3I5 3 L - ~ LI I I .L' I' 53.5 L a L..L

r11, A I.OE_ M;~- -iS TTr'81 rJ ~ 0 r: 1 i'rr . .-s. lTI~ .'

3o V I I.JLL A. ICJ P1 L'4.I

ELII HAE VRO E D C33'

I A .T ' . K7 Csj.,, 1 T~i'' A 1,Cr I3A ' * , r.-r I- IT r. la~. T,:17T ,re,-r Ixj
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/ .~~r &Ar'S A~~r A, IMC'- ~r r : Ar1IV T SX T CA 7 R17l RMS A A )1V7 A,3~ -ra- T r.3 t I-
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L LA.:E A.- 'EL ST Wt4 T AIS CL LE T. 1114V '~L Jr '
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Li", 1'r aA -C T j. aI.. .JL% -. a IL A r A CZ rrt7v, )1-rr- r; 0 -lfj A C r -- T

I~~~~~~~~~~~ ra~~.a A 6 1 L-. a' av I .. a..UaC I j . a1 ~ %.,~ afL.. ± a L.~ %, sit a
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a . .~ .- - - - - -

Ck

C**

C*q TIS ROUTINE WILL RUN ALL LOADINGC ROUTINEC3? USING N
C* NUMIDER OF DO)'ES FROMI 'DAMS~4.I'AT' * FOR EACH LOAD THE EOX
C*k LENGTHSY WIDTHS AND UPPER LEFT H-AND COORDINATE WELL DE
C 'r' PRINTED, FINALLYY THE NUMBER OF THlE LARGEST L.OAD'ED ARE 7~

C* WILL BE PRINTED AND TH-E OPTION THAT GAVE THIS Ar'*A
C**

C*' OPT SUE:ROUTINES USED
C *
C* [I] MAST2AYLINFIT~tNEWLSTPIL[2ASORT
C* [2) MAST2rLINFITytNEWLSTPILE2BSORT
C.* 133 tAST2CYLINFITytNEWLSTd'IlLE2AsorT.r

CI,(4) IAST2DYLINFITYNEWLSTPILE2DSORT'
C* [5) tAS13ALINFITNEW-L.STyr EGR PPILE3&4v-SOr'T*

0001 IMPLICIT INTEGEF*2(A-Z)
0 0 02 CALL ASSIGN(1Y''AMS4.E'AT'>
0003 CALL ASaSIGN(5p'TI:#)

S0004 DEFINE FILE 1 (200Y12PUPN[XT4)
0005 HAREA = 0
0006 11O 1 J=1?5
o~ 007 READ(1'l) (NYIIl12)
O008 2 AREA = 0

S0009 IF(J.EO.1) CALL MAST2i)(NPAREA)
S0011 iF(JE0.2) CALL MAST2D(NPAREA)

001317 IF(J*EQ*3) CALL tiAST2C(NYAREA)
0015 IF(J.EQ.4) CALL MAST2fg(N,.AREA)
0017 IF(J.EO.5) CALL MAST3A(MrAREA)

S 0019 IF(AREA.LE.NAREA) 60 TO 1
0021 HAREA = AREA
0022 OPT = J
0023 KHOIC. = 99
0024 1 CONTINUE

S0025 WRITE(5Y1000) NAREAYOPT
0026 1000 FORMAT(//Y' LARGEST L.OADED AREA 'v15r5X?'OF'TION 'YI12)

~. 0027 STOP
0 0 28 ENEI

.* %42



C * THIS SUrE:ROUTINE TAKES 'N' DOXICS AND LOADS A PALLT-f OF
C* DIMENSION LENGTH =:104 BY WIDITI-I = 64. SUDROUTINE~S NEILST/
CS LINF7 I1 ARE USED INITIALLY TO COMPUTE ROW(S) OF L:OXL JS THAT ~
C * WILL FIT ALONG PALLET LENGTH* PILE "A WILL THEN CONTINUE
C* LOADING ANY REMAINING B'OXES UNDER EACH DCY(l IN THE LAST *
C* ROW OF r:OXES LOADED DtY NEWLST. LOCATION OF THE UPPER LEFT*
C* CORNER OF EACH LOADED' DOX IS COMPUTED BASrD ON TlHE-
C* COORDINATE SYSTEM (XYY)p STARTING WITHI THE UPPER LE[FT *
C* HAMNiJ CORNER OF THE PALLET AS (1rl). NOTE, BOXES NOT*
C* LOADED WILL 14AVE COORDINATE 0.O OUTPUT IS TH-E LIST or
CA 'N'* POXES WITIH1 LOADED 11OX LENGTHS NEGATIVEY ALONG WITH
C* COORDINATES OF LOADED ItOXES. *#

0001 SUBROUTINE MAST2A (Nv AREA)
0002 IMPLICIT INTEGER*2 (A-Z)
0003 DIMENSION DOXLEN(30),BOXWTH(30),DL(3),DW('!)),PTLGIH-(30),

*LGH(360),WT'H(360),LE:OX(30),WrDOX(30),TLD'OX(30),-
* TWE:X(30),MDL(30),MDW(30O),COOR(30)

0004 DATA COORTLDOXTWIJOXLDOXvWDOXSTLGtI,NITOTAL,

0005POINT =101

0.007 1 fREAD(1'1J) ZYZYZYZYZYE!L(U)YBW(U)

0009 M = ST!-GH

0011 BOXLEN(K) = BL(M)
0012 BOXWTH(K) = W(M)
0013 MBtL(K) = LM
0014 MDW(K) = BW(M)

* 00115 2 h= PTLGH(M)
0016 A =N
0017 SMALL = 4
0018 CALL NEWLST (N? 104w Y84 Y SPACE P DOXLEN P BOXWTH 1YSMALL !. LBOX Y

* WDOXTRACKWIDENlTLDOXTW4DOX,

0022 10 WRITE(5P1000)
0 023 1000 FORMI*A(//Y1XY' LENGTH'Y3XY "WIDTH'y3XP 'POSITION' P/)

'* 0024 DO 3 S=1fA
02(205 WRITE(5r2000) MEL(S)rMrDW(S)YCOOR'(S)

0026 2000 FORMAT(1XYI4Y5Xpl4y5XYI5)
0027 3 CONTINUE
00231 ['0 4 T-~1pA
0 02 9 IF(Hr-L(T).GT40) GO TO 4
0031 TOTAL TOTAL4+1

0032 AREA EAIESMLT*D()
0033 4 CONTINUEc

Mp 003 WRITE(5Y3000) AREAYTOTAL

43



k - "0 3000 FORmArT(1X,' AREA~ = 'P15P5XP'TOThL ND. OF: E:DXES ='"13)

7, 0036 RETURN

, 0037 END

*. 44
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C*I* *9************"'""x
C**

C* TIllIS SUBROUTINE TAKES 'N' BOXES AND LOADS A PALLET OF
C* DMENSON LNGTH 104 B:Y WIDTH =04. SUBROUTINJE' NEi4LST/

C* LINFIT ARE USED INITIALLY TO CO~mPUTE R~OW(S) OF LDOXlES THAT
C* WILL FIT ALOHG PALLET LENGTH. PILE 2B WILL THEN CONTINUE
C* LOADING ANY FcFMAINIING Y,.OXES UNDER EACH BOX IN THE LA)ST
C* ROIA OF P:OXES LOADED DY NEWLST. LOCATION GI THEt (JwrEI- LEFT
C)* CORNER OF EACH LOADED BOX IS COMfPUTED' PAS-lD ON THlE
C* COORDINATE SYSTEM (XPY)y STARTING WITH' *rML UPPER LEFT *
C* VIAND CORNER OF THE PALLET AS (1 y ) * NOTEY, EOXES NOT
C* LOADED WILL HAVE COORDINATE = 0. OUTPUT IS THE LIST OF *
C* 'N' BOXES WITH: LOADED BOX LENGTHS NEGATIVEY ALONG WITHI
C* COORDINATES OF LOADFED BOXES.

C**

S0001 SUBROUTINE t1AST2E'(NYAREA)
0002 IMrLICIT INTEGER*2 (A-Z)
0003 DIMENSION DOXt.EN(30),I'XWTHC30)PDL(30)YDW(30) iPTLGlI(30)s.

*LO kG-360) ,wTivl360).-L1:OX(30) PWICOX(30) sTLE:ODX(30)~,
* TWDOX(30),tIEL(30),MIPW(30),COOr<(30)

0004 DATA COORTLPOXTWDOXLBOXPWEOXSTLOG-yN,.IvTOTALYCOUN4T,
* * TRACKPWIDEYSPACErSTPT/150*0/
0005 POINT =101

**~00011p DO 1 U=1PN
0007 1 READ(l'U) ZYZYZZ-ZPD-L(U)PPtW(U)

. 0000 CALL SORT (PTLGHIPDLY~STLGH ,30)
0009 M = STLGH

S0010 DO 2 K = IN
()Oil E:OXLEN(K) = (M
0012 FPOXWTH (K) = ;W (h)

* 'p1:"MDL(K) = P:L(M)
001A MHi.4(K) = W'(M)
0015 2 MI = PTLGH-(M)
0016 SMA-LL = 4
0017 A =N
0010 CALL NLWLST (NY104y 4 YSPACE P DXLEN DOXWTHY SMALL YLrPOX,

* WDDXTRACKWIDEN1,TLDOXTWDO~vr
* MBLPMLWYCOORYPOINTPAYSTPT)

-Y 0019 IF(N.EQ.0) GO TO 10
0021 CALL PILE2P(DOXLENPOXWTH,104NL-OXPWOXTrACK

* SMALLWIDEYMDLMWCOOR7P'OINTA)
'. 0022 10 WRITE(5YlOOO)

0V: 023 1000 rFORMAT(//P1X,'LNT',X'ITHX'OCTO'/
y.0024 DO 3 S=1YA
X'0025 WRITE(5Y2000) MJL(S)YMBW(ShyCOOR(S)

A 0026 2000 rORMAT(1XX4p5XpI4r5XpI5)
0027 3 CONTINUE
0028 [DO 4 T=IYA

. 0029 IF(IIBL(T).r3T.0) GO TO 4
~'0031 TOTAL =TOTAL11
S0032 AREA = AR.EA+IAv(ML(T)*MDU(T))

0033. 4 CONTINUE
Co zq WRITE(5P3000) AREAYTOTAL
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0035 3000 ForalAT(lx,' r~r<E~ 'kI5~5X,'TOL~L NO. OF r:OXLS ',13)
V.is 0036 RETURN
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C*

C* T1IS SUDROUTINI.: TAkKES '0" r.:OXESf AND LOADIS A PAL.ILETl lr'
C* DIMENSION LENGTHI - al BY WIDTH 10.* . SUDROLITI14ES NCWLST/ '

CL. I t,' 7IT ARE USED INITA' TOcomrUTL: ROW(S) OF- DUXFS THAT A.
C* WILL FIT ALONG PALLET LLNGTIJI PILE 2A WILL THEN CONTINUE*
C* LOADING ANY REMi-AINING BOX17'S UNDER EACH E:OX IN THE LAST

I C* F%'W OF :OXES LOADED DY NEWLST, LOCATION OF T-HE UFTPER LEFT
C %'- CORNER OF EACH L-OADED1 BOX IS COill-U[ElD PAS' ONTlE *
C* COORDINATE SYSTEM (XvY) y STARTING WITH*: THE UPPER LEF7T
C* HAND CORNERz OF THE PALLET AS (1, 1) NTE BOXES NOT
C* LOADED' WILL H-AVE COORDINATE =0. OUTPUT IS THE LIST OF
C* 'N' BOXES WITH-1 LOADED FlUX LENGTHS NEGATIVEP ALONG WIT11
C* COORDINATES OF LOADED BOUXES, *1

0001 SUB'ROUTIN4E MH'ST2C (14 AREA)
0002 IMPLICIT INTEGER*2 CA-Z)
0003 DIMENSION ElIOXL-EN(30),DiOXWTII(30)~i3L(30),FlWA('0),PFTLGH-(30),

* LGth(360) ,WTH(360) YLBOX(30) ,WDOX(30) ,*TLDOX(30).
* TWDOX(30),MEIL(30),MDU(3o)YCOOR(30)

0004 DATA COORTLDOXY.TWD-OX,LE:OXWF:OX,-STLGIN1,'lTOTALCOUNT,
*TRACKYWIDlEvSPACESTPT/1580/

0005 POINT =101
0006- DO0 1 U=1,NH

S0007 1 REAEI'U) ZYZYZYZYZYBL(U)Yf*W(U)
0000 CALL SO~RsT (PT LGOU ,DELSTLGH-l30)

'~00092 M =STLGH
0010 DO 2 K = 1,14
0011 EDXLEN(K) =BL(M)
0 012 I:OXWTH(K) = :W(M)
00171 ME'L(K) = BL(M)

S0014 IIEU(K) = I.14(M)
0015 2 M =PTLGH-(M)

S0016 SMALL =4
0017 A = N
0010 CALL N-EWLS-':-T(N,,l84,104Y.SPACEYtCOXL.ENE'IOXW*TISMAiLl-LLOX,

* MF'L,1iEW COOR POINTY AYSTPT)
0019 IF(N.EQ.0) 00 TO 10
0021 CALL F:ILE2A )( DOXL-EN ,F:OX WTH,8Y4 pN LE;OX t~rDXPTRA(-C:,'

0022 10 WRITE(5Y1000)
0 0 23 1000 FORHAT(//p1Xr'LE4h-'3'WtT'3'OSTN'/
0024 DO 3 S7-vIA

S0025 WRITE(3Y2000) MPL(S)YHDWL(S)YCOOR(S)
S0026 2000 FORMiAT(1XrI4Y5X,14Y5XrI5)

0027 3 CONTINUC
*~0020 DO 4 T=-vlA

0)02 7 IF ( K:L(T),OT,0) GO TO 4
\ 0031 TOTr-< = TOTALIA

0032 AREA A)REA+ i)EDS(MEIl-(T)*MDiLW(T))
oo:0 03 4 CONTINUE

* 0034 IRITE(5Y3000) AREAYTOTAL
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0035 3000 FOR~i TI(IX,/ AREA = 'vI5'5X,'TOTAL NO, OF r, ~o- = "I3)
0036 RETURN

.. 0037 END

5%

,

-,-

S.'

I

44
0° " , - . . - @ - . . . . - , - . . . ..

,,- ,. , , ,- ' .-. .-. ,- , , .- ,- - - , ,. ,. - ., , ,, . , .- -, ,. .,. . . . . ., , , , ,, -



TV i-t-j '77 -77

C* THIS SUIDROUTINE TAKLES 'N' BOXES AND LOADis A -ALlE[-T OF *
C'n" DIMENSION LENGTH rl- DY WIDTH- lo14. SUfBRQLIGTIIE NEWLS3T/ ;

C* LINFIT ARE USED INITIALLY TO0 COMPUTE ROW(S5 G(- E:UCXilS3 IAT
C* WILL FIT ALONG6 PALLET LENGTH. PILE 21' WILI . TIIEN CONTINUE
C* LOADING ANY REMIAINING3 F-.OXLSa UNDER ECH BOX IN THlE LAST
C* ROW OF BOXES LOADED DY NEIJLST# LOCATIONh OF THE UPFPER LLI 1 *
C* CORNER OF EACH LOADED BOX IS COMPUTED B1ASED ON THEK--
C* COORDINATE SYSTEM (XPY)y STARTING WITH THE UrPP-ER LEFT
C* HAND CORNER OF THE PALLET AS (1 , ). NiJTEr BOXES NOT
C* LOADED WILL HAVE COORDINATE =0. OUTPUT IS THE LISl)T OF
C* 'N' BOXES WITH LOADED BOX LENGTHS NEGATIVEr ALONG WIr,
C* COORDINATES OF LOADED BOXES.
C*

0001 SUBROUTINE MAST2D(NYAREA)
0002 IMPLICIT INTEGER*2 (A-Z)
0003 DIMENSION BODXLEN(30)vBOXWTH-(30YPBL(30)D'l.J(30),P TL-E41(:;0)7

*LGI-(360) rWTI]C360) rLDOX(30) vjFOX (30) rTLE:OX(30) p
*TWDOX(30)YMDL(30)YMDW-t(30).,COOR (. 0)

0004 DATA COORTLECOXTWDOXYLBOXWDfOXpSTLG,1,llTOTL.Y'OUTs
*TFACKPWIDEPSPACErSTPT/159*0/

0005 PO'NT =101
4 0006 DO 1 U=IYN

0007 1 READ(J.'U) ZyZvZS.ZsZvL(U),t:W(U)
0 008 CALL SOr-T (PTLGN yBLr3 TLGH 730)

\, 0009 M= STLGH
0010 DO 2 K1= 1,N
0011 BO.cXLEN(I() = DL(M)
0012 B-OX(WrI:(k) = wN
0013 MI3L(1) = L(M0)
0014 MDW(lK) =BW(iI)

S 0015 2 M PTLGH(I1)
0016 SMALL = 4

S0017 A =N
S 0018 CALL NWS Nw' 0~PC OLN~ ~X~]~SAL~ UX

* UDOXTRACI WIDE.,N1, TLf.OX yTWf-0Xp

0019 IF(N.EP.0) GO TO 10
0 02 CALL LE( OLNDXWHC4. LO IDXrRI,

*SMil-.LYWIDIEMD'_ ,Mr:W.-COOr.,POIMIT3,i)
0022 10 WRITE(5P1000>
0023 1000 FORMATi(//Y1Xi,' LEN A''X'IT-',X'OIIW/

-.. 0024 DO 3 S=1YA
002o WRITE(5Y2000) riDL(S)y,'htW(S)yCO0R(S)
0026 2000 FORMAT( iXI4r5XrI4y5XyI5>
0027 3 CONTINUE
0 020 DO 4 T=lrA
0029 IF(MllL(f).GT*0) GO TO 4

*., 0031 TOTAL TofAL+1
0032 A REA =AREA+ IADS (MIL (T*MDbJ(T))

~4 0033 4 CONTINUE
0034 WRITE(5P3000) AREAPTOTAL
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-- 0035 3000 FORMT(1X,' AREA = ,ISi,5X,'TOTfL_ NO. OF r:OXvS '= "IY.)
'.; 0036 RETURN
. 0037 END]
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C* THIS SUB:ROUTINE T'IK~ro IN' LOXES AND L0 Aris A. PALLET OF
C" IIIMEtASION LENGf, 104 BY( WIDTH =:04.* SUrt)TiFS LJS/:
C" LIFIT ARE USED LIiIALLY TO cOM1JFRO()F oxsYlT*
(; WILL FIT ALONG P~VILENGTH. PILE4 WILL THlE CONINUE
C* LOADING ANY RE:i'4.IN4 DOXS UNDER EACH 1(:lxIv IN THlE LAST
C* ROWA OF BcOXES LGANIL B LL~ Y USING SI RUT I N E. P IL. L 3
C* AND NEWLST. LOCAFETUN' 'OF THE UPPER LEFT COR-i!E F EAC
CA LOADED BOX IS CffrU11-D BASED' ON THE COORDINATE SYSrrji

-jC, (XPY)y STARTING fiTH' THE UPPER LEFT HAND CORNER OF THE
C PALLET AS (1vl). 1 JT'Em FOXES NOT LOADED WdILL HAVE A
C' COORDINATE = 0. MTr UT IS THE LIST OF 'V BOXES WITH]
C4"% LOADED BOX LENGTN, KN4[DATIVEY ALONG WIllH COOR*,DIM0ATES-, 0,
C C* THE LOADED BOXES.

0001 SUBROUJTINE A'(Nr<)
0 00 2 IMPLICIT INTE3 *-t2 (A-Z)
000C)3 DIIIENSON DOX.- (,-:0)sl-OXWTI(30)plL(30)7fW(30)Y*TLGI(30>,

*LGHiCi& ))-jWTHC136/0)7LD:OX(30)Y,DO'X(30>,TLD'OX'(30 )p
*TWFII:30) YML (30)7MD4W(30) YCOOR (30)

0004 DIATA COOR YTLMI,, TWIDX rLDOX rWDOX,-STLGI I vN1 YTOTA L, COUNT 7
* TRACK r WIhfit iPACE r STFT/ 1 58,10/

* C'~05POINT 101
DO 1. U=1,rN

( .-.'7 1 REAED(1'U) ZYZ':T-Z vZvDL(Ij)vlD'W(U)
~.1@~CALL SORT (PTLG-14-11 L. sS rLGHY.50)

0 0 111)9 M = STLGHl
0 0i 1.;r D 0 2 V, I 1N
0 0 11 DOXLEN(K) DL~li
00 ui12 DL)X41TII(l)
0.013: MtL-(K) DL(M)

. 014MD(K) QM
015 2 li = PTLGH (Mi)

0016 SI'IALL = 4
:§ 0017 A =N

00O11; CALLNWLT(tt. 4 SCE XLN rOtI: SjL LOX
L WD;,~ TRAC[K ~W 1DE ,N1 ,T(LL:COX Y TW:OX Y

S0019 GO(N7;O0) GO
0021 CALL PILC4(DOXEN ,IOXT l 14~I7L0 r

02 2 10 WRITE(5P1000>
0 23J 1000 FriRMA'r(//Y ' L~.>",X.'IT'~X P1II /
00o24 DO 3 S:1,A
)2 W I.R -5 y2 0 00) rillt 1: ,iW( '0 ~C0 017ZS)
0 02 6 2000 FO0R t T ( IX1,4 vI1 5X vI S)

j. 0027 3 CO0N TI NUEr
() 0201-1 DO 4 T=1 YA
0029 irF(MEL(T).GT.0 6113 TO A,

'- 0031. TOTAL TOTAL.
00:i2 Ar..EA EAI(hWT*1L)
0903-V -A CONT]INUE



* 0034 WRITE(5,3000) AREC ?TOTA'L
0035 3000 FORMAT(IXY' AREA 'r5,5X,'TOTAL NO. OF :OXFS
0' 0036 RETUFN
0037 END

C.-L
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C*v THIS SUROTN TRSWITH 'TRA'j)K' mjmiT:Er-- OF r~oxcs
C* WITH LENGTHSY3 LE:OX( AiNt WIDTIHIS, L.JOX( THAT WERE *
C * IDENTIFIED DY NEWLST.*
C* THEN, AS MANY ADDITIONAL BOXES FROM A LIST OF 'N'
C>* BOXES ARE LOADED BELOW EACH SUCCESSIVE LBOX() *

C A*
0001 SUBROUTINE PILE2A (BCOXLEB~;EOXWTH,-iLE.'18THNILEOX~,OXTRACK',

*SMALL vWIDE!,MBL rMPUP COR POINT yA)
* 0002 IMPLICIT INTEGER."i"2(A-Z)
0003 DIMENSION BOXLEN4(30) iBOXWITH-(30)rLBOX(30),WdfOX(30)s,

* COOR(30)yMDL(30),Mf*W(30)
0004. SAVE 0
0 - 015 START =0

\ 0006 SWIDE =0
0007 EIPT =POINT

C* LOAD ADDITIONAL Y-.:OXE,3 BELOW EACH BOX IN LAST ROW *,
* C* OF LIt4FIT BOXES.

' 0008 DO I L=IYTRACK
0009 IF(UWDOX(L.)+WIDIE).GT.SWID~E) SWIDE =WBOX(L)I-WIDE

0011 1 CONTINUE
*'0012 TT2 = 0
:~0013 DO 2 1 ls.TRACK
-~0014 POINT E PT
S0015 TEMP 0

0016 IF(I*LE.START) GO TO 2
-0018 NEWLEN LBOX(I)

00-19 NEWH SWIDE-WD-OX(I>
\~0020 IF (I*E.TRACK) 6O TO 10
Z.0022 Irl 1+1

00211D 3 M = I F'IYTPAC
0 0 24 IF(Id:S(Wt:OX^(M)--WT:X()),GT.4> GO TO 10
0,- 026 NEWLEN = NEWLEN-ILDOX(M)
0 027 TT = MAX0(WDOX(M)vWDOX(M-1l))

S0026- TT2 = MAXOCTT2yTT)
0010029 START = Mi

.2 0030 3 CONTINUE
0031 NEWWTH =SWIDE-TT2'

S0032 10 SAVE =SAVE +NEWLE N
033 IF(I*E.TRACK) NEt4LEN NWE*LNT*SV

~:0035 15 MAX =0
Z-0036 WMAX 0

0037 TEMPT 0
W@0030 DIO 4 K~ 1,1

0039 IF ( BOXLEN (K ) .LT .0. OR + OXLEN( K) #f3T NEQ4LEI~.r DOXWTH (K) SGT+
*NEWWTII) 6O TO 4

S0041 NF:WWTH-1 = NEWWTHI-DOXWTH(K)
S0042 IF(NEWILEN-B!OXLEN(1 ).LT.SMIALL) GO TO 20

0044. IF(EiOXLEN(f%).LT.MAX) GO TO 25
0046 MAX B EOX L.E N(K

53
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0047 TEMPT = POINT+100O,MAX
0040 GO TO 25
0049 20 WMAX = WMAX 'OXWT'(K)

C* ASSIGN THE UFFPPER LEFT CORNER OF ALL LOADED DOXES A
C: COORDINATE (XY). *

0050 25 DO 5 C =1A
0051 IF(MBL(C).LT.0) GO TO 5
0,0," 0053 IF(-0L(C),NEBOXLEN(K).OR.4W(C),N'.BOXWTU(K)) 00 TO 5
0055 MBL(t> = -Mt.L(C)
0056 COOR(C) = POINT
0057 GO TO 30
0050 5 CONTINUE
0059 30 POINT = POINT+BOXWTH(K)
0060 :OXLEN(K) = -BOXLEN(K)
0061 4 CONTINUE
0062 IF(MAXoEQO.) GO TO 35
0064 POINT = TEMPT

. 0065 NEWLEN = NEWLEN-MAX
006) NEWWTH SWIDE-WBOX(I)-WMAX-TEhi

-. 0067 TEMP = WMAX
0060 GO TO 15
0069 35 IF(I.NETRACK) BPT = IFTLBOX(10-WBOX(1)-IOX(I.1)
001 2 CONTINUE
0072 RETURN

.... 0073 END
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C* THIS SUBROUTINE STARTS WITH 'TRACK' NUhFOER OF rOME 0 *,r

1,*A THEN, AS MANY ADDITIONAL BOXES FROM A LIST OF 'N' *1
C* BOXES ARE LOADED BELOW EACHl SUCCESSIVE LBOX(>,91

0001 SUBROUTINE PILE21: (DOXLENY EOXWTH ,LENIGTH, Ni ,LIDOXWfOX PTRACK;,
*SMALLWIDEMYitLiMBW JCOORsPOIN'F,A)

0002 IMPLICIT INTEGER*2(A-Z)
0003 DIMENSION DOXLEN(3O)YBOXWTH(30)Y,OXC30),.WEOX(30),

* COOR(30)yMBL(30)7IiBW(30)
: 0004 SAVE = 0
S0005 START = 0

0006 SWIDE = 0
0007 1 1PT m POINT

C*LOAD ADDrITIONAL BOXES BELOW EACH-: BOX IN LAST ROW
C* OF LINFIT BOXES*

A 0008 DO 1 L=1,TRACK
0009 IF((WDOX(L)+-WIDE).GT#SWIDE) SWIDE WfiOX(L)I!WI'E

*K. 0011 1 CONTINUE
00-12 TT2 =0
0013 DO 2 1 1rTRACK
0014 POINT D PT

0015TEMP =0

0016 IF(I*LESTART) GO TO 2
0010 NEWLEN =LDOX(I)

~j0019 I4EWWTI4 = SWIDE.-WI:OX(I)
S0020 IF(IEQ#TRACK) GO TO 10
S0022 IPI = 1+1

*0023 DO 3 M = IP1YTRAC1(
0024 IF(IADS(WDOX(M;-WBOX(I)).GT.4) GO TO 10
0 026 NEWLEN = NEWLElN+LIIOX(M)
0027 TT = tAX0(WDOX(M>rWfOX(M-1-))

0012aTT2 = MAXO(TT2yTT)

~' 0030 3 CONTINUE
0031 NEWWTH =SWIDE.-TT2

S0032 10 SAVE =SAVE-1INEWLEN

0033 IF(I.EQ.TRACK) NEWLEN NWE}EGI[SV
0035 15 MAX = 0
0036 WrirlX = 0

0 037 TEMPT = 0
- 003s, DO 4 K = N
0039 1IF (EOXLEN (K) ,.LT. 0. OR .BOXWTH (K) . GT. NEWLEN. OR. DOXL.ENK 10 T.

*NElJWTH-) GO TO 4
00 dNI EWWTH = NEWWTH--DOXLENU()
0042 IF(NEJLEN-OXWTIICK) .LTSMAtLL) GO TO 20
0044 IF(FtOM/WT(K) LT.#MAX) GO TO0 25
06 MAX =DOXW4TI(K)
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0047 TEMPT = POINT+100*MAX
0043 C60 TO0 2 '5
0049 20 WMAX WMAX-DDX0E(**)

C* ASSIGN THE UPPER~ LEFT CORN~ER OF ALL LOADL:D rDoxES A *
C* COORDINATE (XYY).

0050 25 DO 5C lvA
0051 IF(Mi3L(C).LT*0) GO TO 5

~- 0053 IF(MiEL(C),NEDOXLEN(K),ORMDW4(C),NEDolOXWTICK)) GO TO 5
0055 ME'L(C) = -MBL(C)
0056 COOR(C) POINT
0057 GO TO 30

0 0 5 t,' CONTINUE
0059 30 POINT = POINT-1-BOXLEN(K)

i. 0060 DOXLEN(K) = --EOXLLN(K)
" 0061 4 CONTINUE

0062 IF(MAX*EU,0) GO TO 35
. 0064 POINT =TEMPT

-, 0065 NEWLEN =NEWLEN-MAX

0 064!. NEWWTH = SWIDE--WDO9X( I)-W.MA-X--TEMPr
~A 0067 TEMP = UMAX
S0060 60 TO 15

0069 35 IF(INir.TRACK) BPT = P"If-LE:OX( %'I)*100--WDOX,(,,IU"LjN(I :1)
0071 2 CONTINUE
0 072 RE TU R N

S0073 END
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4C* T11I11 SUDIROUTIE STAf:TS WITH "'l.ACK' NI-11.1ErZ GJDOr-
US' W I T I- LIE " GI IS3 -'C X . C ) ANY:~rr, , is EIDH : ^OXW( THAT W EfRL E'
C * :IDETI F IElDY U. CUT 1 NE I LE4 I,~O AITF'

C* OXES AR : LOE DELOW EA:-Cl Q^
C*

S000 1 SUDROU..TINE, PILE3 (DXE D LNTt3x.c,

**TC^'fSALLfW'~L A'CEP , ME, M IV; f I- i f,
0^0ba IMPLICIT INTEGER'*2 (A 5- Z

0003 DIM1ENS.ION4 1110.LEN (30)~' . T(0tCX(3)i

V- SAVE =0
0 0 0%057 ST ART = 0

S00060 S W 1 6-E =0

0007 ID:- WIDE1

0* LOAD ADDI#IO"L BOXES ic-LOW EACH1- DOX It N LAS T 1 o14

0003 DO0 1 T=I1vT RA C '
0009A , tVAA. * I L '.AJ4 V .L L r- 1.0 opw T JL. a:0041 .0 CON1*T r4JE"

0 ~012 TT2 T 0
%t J. DO3I 2 L P 1T RA C

YF'I*LE.ST ARr) 0O TO 2
0017NEWLEN DD':OL'(I'

0 013 1011-1 S WI A:E *-DOlX W( I)
001 ATI F (IEQ T R A CK %, TO0'I 10
0:021 1F1 III

Do 3 M ,R A C
0- 023 1 F 11A rS %IE: 0X4 1"0 %H--DOX %W 1% 1 , T 4 0 0 TO 13
0 0 4., NEWLEN ELN:OLM
0 0 2 f TT "I X 0 (D 0"tU t %/YD, 0X W M~

0 0121-1T'02 A'X0'T'p2pTT)
0 p, _ 1:3S'sART H I

002?9 T 3 CCIIPI E
0030 NEWWPI = S4D.T
0 031 10 sPv E =

C) 033 15 4 C.
30317 W AX 0(=1N

*,0039 %EWT1  NWT-O HI % I
%. 0040. I(NE. L EN -lD X'VTeI KIt) t LT.SnAL L trO TO' 20
0 044 11b Sk

r04 0 OI 25 %.L oA'0 1c21

0046~~~0 20 t40A A. AfDXE (
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_ O- , p ',,f, Ilk - -S
C*~~~~~ ~ ~ ~ ASIS" -ti U-,-.r p.r

'\" C' """IO" TH, U°e" ,, LEFT OC,, OF ALL L-.D ,(,3--
C* COOF<DrNA-- , .

0043O oi O0"{a BLO 5 S 1I

0047 IF(MB(L() ,LT .0) GO TO 5
K/'L05 F(ML(F% N, I. etr.) r T

0053 MBL(R) 
W "'K 

)LGRT

0054 COOR(R) = POINT
0055 00 TO 30
0056 5 CONTINUE0057 30 POINT = W A O-FXA

0 .) 4 COIN T I r T)~ M ~ U.rr.J E L00.) -4 CONTINUE
".. 0059 IF(MAX.EQO0) 0O TO 2
, 00i NEWLEN =N. WLEI-NAX

0 6)2 NEWWTI-I WIDTH.I-QX×4 ( I ) -WXA-,' -,
0063 TEMP WMA)(

~ 0064 0o TO 15
0 065 2 CONTINUE
00to RETURN
0067 END

A.
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C* THIIS SUB:ROUTINE ST."RTS3 WITHI '4'NiMr OF X'l'
Cl* WITH LENGTHSt 'D:OXLEN' AND II:FS 'O!T' IT L.,ILL
C* THEN LOADy FROMl T--fiIS GcOUr. OF D.ELOW 11-10' DO"'!-
C* TI AT tWRE Ilb;:WrlIFIED DY NEWLST.
C"' THIS LOADING WILL TAKE PLACE WITH THE H-EL OF 3f~U-~
C* I N ES NEWLST AND PILE3.

0001 SUBiROUTINE PL4(DXEOUItEGI L:XW:),NDT

0002 IMIPLICIT XNTELJR*27."(A-Z)
0003 DIMEINGION DXE(OOWH3)LO(0~D~(0 .OL3~

0004 DATA SWIDESUDTOTSAiVC7-*S'PT,N1 NNt-lrp'T2/O*0/F
0 )05 TWIDTH = WIDE
0006 11O 1 M1,YN
00071 MDOXL(M) = POXLENCM)
0003 1 MDOXWCM) = PDOX1WTHtCM)
0009 STFT'2 = STPT

* 0010 DO 2 t1=1YNEXT
0011 IUDx)WI),TSWE)SWIDE-W.BOX(M)TWIDE

* 0013 2 CONTINUE
00146 DO 3 I = 1vNEXT
0015 HN1i 0

301, Ir:(I.LE.START) 6O TO3

001.3 TLEIJTJ L9OX ( I
0019 TtJIDTII SWIDE-WDO (1)
0020 IF(I.EP.NEXT) CC) TO 10

*: 0' I. Pr1 I1i
*l 0030 4 J I Pi1,N17XT

OC24 IF(IAB9(WBOXJ)-WOX(I)),GT.4) GO TO 10

002)6 TLENTH =TLENTILDOX (J)
0027 TT =MAX(WOX(J),WOX(J-1l))

0028 TT-? = tiAX0(TT2p~TT)
d 002? 4 START J

0030 TWIDTH- SWIDE+ TT2
0031 10 SAVE SAVE+ITL[NTH
0032 IF(IEQ.NEXT) TLENTI! TLEN TIN1LENGTH.-S)AVE
0034 DO 5 K = 1 s30
0035 TLD-.OX(K) = 0
0036 TWD.OX(I) = 0
0037 DOXL(K) =0
0033 5 llOXW(K) = 0

0039 SPACE =0
0040 TWIDE = 0
0041 COUNT = C'
0042 CALL NWS N 1 LNI WtT]~S~EDXE JXT]~~(JL~IOL

* EOXW Y COUNTY TWID'l- N, TLl?0X i*TW3OX , Y MT*W C00r"
* POINT3.AYSTPT)

0043 jr(N.EO.0) RETURN
0045 IF(COUMT*CQ.0) GO TO 15
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0047 CALL rPILE3(1:OXLEt vVDOXt-IPTLENTH l 112 j OXL PDfOl WY
* COUNTI ScMAL-LyTWJIDE ,FOIN4T YtM8L difW vC001% A

0 0 4 6'l0 TO 20
0049 15 E:OXL(l) = LUOX(I)
0050 I0XW(1) = WroX(I)
0051 CALL P1 LE3 ( EOXLEN, E:DXI4WTI4, T*L.ENITII YN'-tPFOXILEIOXW?.I

* ,SMALLTWIDEyr-oiwrM3L,.:jCoOORA)
0 05 2 IF(I.EO.NEXT) RETURN

~, 0054 20 CALL r EG6P (EDXLEN i EOXWTI-si:M7L.IOW~TBXT4O
* NPN1,N2)

0055 IF((I+1).LE.NEXT) POINT STrPT2+itDoX ( 14 1
0057 IF(+)L.ETAD(1)N.)STrT2 -STPT2+100'1l'LUoX(I+1)

0059 3 CONTINUE
0060 RETURN
0061 END
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C* TI-IIS ROUTINE TCl, *ES A LIST OF NUMtERS "LIST" OF LENGTH
C*. AMTO AND CREATES A POINTER WHICII ORDERS THE NUML'ERS r.RO N
C '' LARGEST TO SMALLEST. THIS POIN.ER IS RETUR.LD IN THE
C* VECTOR "POINT" ALONG WITI. THE iTARTING POSITION "STARTo

, ~ C *'

0001 SUB:ROUTINE SORT (POINTLISTvSTART, AMT)
-., 0002 IMPLICIT INTEGER 2 (A-Z)
. 0003 DIMENSION POINT(AMT),LIST(AMT)

0004 LAST = 0
0005 NEXT = 0
0006 AGAIN = 0
0007 1 TEMP = 0

" 0005 DO 2 1 = 1,AMT
0009 IF(POINT(I).NE.O ) GO TO 2
0011 IF(LIST(I) .LE*TEMP ) GO TO 2
0013 IF(LIST(I) .EQ.AGAIN) GO TO 2
0015 TEMP = LIST(I)

y 0016 NEXT = I
0017 2 CONTINUE

"- 0018 IF(LAST.EQ.O) GO TO 3
0020 POINT(LAST) = NEXT
0021 3 LAST = NEXT
0022 IF(NEXT.NE.AMT) GO TO 4
0024 BEGIN = NEXT
0025 GO TO 5
0026 4 BEGIN = NEXT+1
0027 5 DO 6 K = :EGNvAT
0023 IF(LIST(K).NE*LIST(LAST)) GO TO 6
0030 POINT(LAST) = K
0031 LAST = K
0032 6 CONTINUE
0033 AGAIN = TEMP
0034 COUNT = 0
0 0035 DO 7 J = 1,AMT

- 0036 IF(POINT(J)oNE.O) GO TO 7
0035 COUNT = COUNT+1

, 0039 IF(COUNT.*G.2) GO TO 1

0041 7 CONTINUE
0042 TOP = 0
0043 DO 0 ti = 1,AMT

. 0044 IF (LIST(M).LE.TOP) GO TO 0
0046 START = M

.;-. 0047 TOP = LIST(M)
0040 0 CONTINUE
0049 RETURN
0050 END

"4

..
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* I*

C' NEULST EtEGINS WITH 'N' DESL! OF LEIICTI D~OXLFN( ) AD
C* RUNS S[UCCESSc,'IVE LINF*-IT S~lJIN'OUTINES Al-ONO THE IL~~2
GC', EIISTANCVL 'LENG3THI'. IT RETURNS LOADED DOXES wiT.l
C* THEIR ElOXLEN VALUES HEGATIVE.

001SUBROUT INE NWS N LGH~ T1SAEDXL . .
= I * SMALLY LL:OXWDOX, TR)CKYWIDLE ,N1 YTLE;OXv

* TW)DOXYMrLILMEWCOORPINTASTFPT)
0002 IMPLICIT INTEGEr<*2 (A-Z)
D 003 DIMENSION r-.OXLEN(30> Y DDXWJTI 0 LJX(0 .DX(0 ~:X(3)

* tDO(0 !LO(0',) .-LT(30 ,MW30) -"orJR(3-OX(),~

* * TWDOX(30)
A~000.4 N[-.WWTI., =. t DTII
-~0005j 10 1)0 1 K=1syN

0006 ir(1DOXLEN(K),LT.0)GO TO I
000a IF(E:OXWTII(tC) ,LE.NE4L4WWi-) GO TO0 1

4 0010 BOXWTIt(K) = -t:OXWT1II(I )
0011 EB0XLEN00( = -t:OXLEN(K)

0'7)12 1CONTINUE
S0013 SPACCE: 0

0014 CALL LI NFI T(NY LENGTH YSPACE YDOXLE.N)
0015 COUNT = 0

0016 TRACK = 0
0017 NUM 0

*~0010 DO 2 L=IYN
0019 IF(DOXLEN(L).LT0.ANID.'OXWTH (L).LT.0) GO TO -2
0 0 21 1F(PDOXL'EN(L).GT.0) GO TO 15
0' 0.23 TRACK -=TRACK*1
0024 LE;OX(TRACK) =-DOXLEN(L)
0025 WEIOX(TRACK) = IADS:(EDOX1WTI(L))

>~0026 N1 = N1+1
0 Q 27 TLEIOX(Nl) = -EcOXL.EN(L)
0 02 P TWBOX(N1) = 1AE:S(BOXWTH(L))

S0029? 60 TO 2
00-30 15 IF(DOXWTH(L).LT.0) GO TO 2
00 32 NUM = NUM41
r033 LLDOX(NUM) = E:OXLEN(L)
0034 WBOX(NUM) = E:OXWTI](L)
0035 2 CONTINUE
0036 N =NUN

S0037 IF(TRACK , QO0) RETURN
~: 0039 IF(NLJM.EQO) RETURN
S0041 NEWLEN = LBOX(1)
~-0042 WIDE - NEWWTII

0043 IF(TRACK.EQ.1) GO TO 25
0045oo~ DirF 0

::0046 SBIFF =0

0047 T30 3 M=2PTRAC(
0 0410 IF(DxM-Dx1)LTS'F.GIMw2 O TO 11

S0050 NEWWTH WIEE-MAXO(WD[OX(M)iWEOX(1f))
0051 Stu1FF WEOXWM-WDOX(1)
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,- 0051, 11 NEWLE-l" NFUJLEtHLDOX(Ii)
-* 0053I(Ic(WtXMthO().TLI) IrIA3:c>)-iX()

J! 0055 3 CONTINUE
%,0056 WIDE - NEWWTHl
~' 0057 60 TO 30

0 05 a 25 NI HLEN = LENGTH
00509 NCUUTI. NEIJWTI[-W):"OX(1)
00610 WIDE =NEWWTH
0061 30 DO 4 F-AsM

\h 0062 DOXLEN(r) =LLDOX(P)
003 4 DOXWTH.(P> WOXP

0064 TPT =POINT

-~ C" AS3SIGN THE UPrV.R LEFT CORNER OF ALL LOADED 1*OXN-EC- A ;

C 4 COORDINATE (X5'Y)#

0065 DO 5 0=1 ,-TRACI(
0066 Do 6 D=ls.A

.N 0067 IF(MBEL(B).LT*0) 0O TO 6
0069 IF(MDL(D).NE.LI(Q).OR.MD:W(EI).N\E.WDOX(Q)) GO To 6,
0071 MBL(B) =-M:LCD)"

S0072 COOR(D = POINT
0073 60 TO 35
0074 6 CONTINUE

*. 0075 35 POINT =:POINT4100.1LLOX(O>
'~0076 5 CONTINUE

".W.. 0077 POINT =-TPT-lWl:O1( 1)
0070 IF(sDirFFGE.0) POINT =POINFIIMDG(SDIFF)

S0000 STPT POlINT--WrD.OX(1100'L'O'(1)
0081 IF(riIFF~rjT.4) SO TD 45

0 0 l Nr:WLEM LENGTH
()03ll6 60 TO 10

0037 45 RETURN
0 0 IS END
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C**
C* THI1S SUBROUTINE IS USED It" COOJUNCTJIN L21T 14 A[ -)' ;,t-
C*' PILE4. THIS StJDROU It: WILL TAI\X TI':OsL 1OXES IDE !A fIFIEP S

B* Y TLBtOX AND T(UDOXi WH1ICH Ho(-VE CTFIAD EEN LA1(N1
C* DELETE THEM FROM Till: ORIGINAL LIST OF 'N' DOXE-s. ITiIL

C* 1F'TURN THlE NEW LIST OF DirXES AS DOXL-EN AN LiOXWTl t-,41 C I 1 S
C:- CA~N THEN DE USED TO0 CONTINUE LOA~DING THlE JliALLE.LT ':

-. 0001 S1.JBROJT INE REGRF (EDOXLEN , BDXWTJIH p* i3OXL y, MDX LOXT0L
N p tN1,vN2) IOWTO-T'tX

0002 IMPLICIT INTEGER*"'2(f-Z)
0 0 0 DIMENSIOiN EOLN 0 OWi(0 UOL(0 I~X Q

~- 0004 NN =0 TLOX0)TWO() L(0 T(0)TT() TWK)
0005 MM rz0
0006 110 1 F-19,1
0007 DJO 2 Q~lyN

~0008 IF(MDOXL(0) .NE.TLEDOX(P) +A~ND #HDOXIACQ) .NE.TWr-OX (p)) GO TO2
0010 IIOXL(D) = -M1:0XL(OD)

<. 0011 00 TO I
0012 2 CONTINUE
013 1 CONTINUE
0 'A. DO 3 R=IYN
0 0 15 IF7(MEiOX1.(R).LT.0) GO TO 3

0010-L() Q\ OXL (R)
(0 1 TW(NN) =Mr.OXWCR.)
D00_ CONTINUE
021 IF(N*2.EQ*O) GO TO 10
* ~'02 ~ DO 4 S=:1,H2

0024 DO 5 T=1pNNj\
025 : IF(TL(T).NE.-1IOXLEN(S)) GO TO 5
0 0217 TL(T) =-TL.(T)

S0027-8 GO TO 4
% 0029 5 CONTINUE

o00i0 4 CONTINUE
03 1 DO0 6 U=IYNi

NA 0032 IFrLfi(U)*L.T.0) GO TO 6
0 03 4 H MM 1+

4. (>03 o'TLU151-7101) = TL(U)
~' 0036 TTW(MM) = TW(U)

0 053-7 6 CONTINUE
d- I DODO1 7 V=Iymm

00E :0OXLEN(V) =TTL(V)

w~ 040DOXWTII(V) TTV)(V)
0041 14BOYL (V) TTL (V)
0042 7 ME:O;.(V) TTW(V)
0 %4 3 N'j-MN

004'1 N2= MM
049 GO TO 1.5

0047 BIOXLEN(W) =TTL(W)

* 64



% tF

A -.

tVt Si

II


